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ANNOUNCEMENT. 


Tot “Natrosan Grogmarnic Soctety™ has been organized 
“to merease and diffuse geographic knowledge,” and the pubh- 
cation of a Magazine has been determined upon as one means of 
aocomplishing these purposes. 

Tt will contain momeirs, essays, notes, correspondence, reviews, 
ete., relating to Geographic matters, As it is not intended to The 
simply the organ of the Society, its poges will be open to all 
persone interested in Geography, in the hope that it may heeome 
a channel of intercommunication, stimulate geographic investiga- 
tion and prove an acceptable medium for the publication of 
reanlts, 

The Magasiny is to be edited by the Society. At present it 
will be issmed cat irregular intervals, but as the sowrees of infor- 
mation are inereaded the numbers will appear poriodien! ty, 

The National Capital seems to be the natural and appropriate 
ploce for on association of thie character, and the aim of the 
founders has been, therefore, to form a National rather than a 
lowal society, 

As it is hoped to drifuse aa well as to inerense koowledge, 
dav prominenee will be etven te the edaentional napect of goo 
raplic matters, anc efforts will be made to stimulate an 
interest in orginal syurces of information, 

In addition to organizing, holding regular fortnightly meetings 
for presenting scientific and popular communications, and enter- 
ing upon the publication of a Magazine, considerably progress 
hae been made In the preparation of a Physical Atlas of the 
United States, 


il 

The Society was organized in January, 1985, under the laws of 
the District of Columbia, and hav at presentan active member 
ship of about two hundred persons, But there is oo limitation 
to the pomber of mombers; and it will weleome both leadors and 
followers in geogruphic science, in order to better accomplish the 
objects of ite organination, 


October, 1ARS, 


Correspondence with the Society should be addressed to Mr. 
tHORGR Kuxnas, Corresponding Secretary, No, 1418 Masaa- 
chusetts Avenne, Washington, bc, 
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ISTHODUCTORY ADDEESS, 
By THE PResIpesT, Mr. CLARDINER G. Htppam., 


I aw not « scientific man, nereon T lay claim te any special 
knowledge that would entitle me to be called a “ Geographer.” 
I owe the honor of my election as President of the National 
Geographic Society simply to the fact that | am one of those 
who desire to further the prosecution of geographic research. I 
possess only the same general interest in the subject of geog- 
raphy that should be felt by every educated man. 

By my election you netify the public that the membership of 
our Society will not be confined to professtonal geographers, but 
will inelude that large nomber who, like myself, desire to pro- 
mote special researches by others, and to diffuse the knowledge 
sO phined, ameog men, so that we may all know mere of the 
world upon which we live. 

By the establishment of this Society we bope to bring ta- 
gether (1) the seattered workers of our country, and (2) the 
persons who desire to promote their researches. In union there 
18 etrength, and through the medium of a national organization, 
we tay hope to promote geographic research in a manner that 
could not be accomplished by seattered individuals, or by local 
societies; we may also hope—through the same agency—to dif- 
fuse the results of geographic research over a wider area than 
would otherwise be possible, 
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The position to which I have been called has compelled me 
to become a student. Since my election 1 have been trying to 
learn the meaning of the word “ geography,” and something of 
the history of the science to which it relates. The Greek origin 
of the word (yv», the earth, and yperge, description) betrays the 
saurce from which we derived the science, and shows that it 
telates to a deseription of the earth, But the “earth” known 
to the Greeks was a yery different thing from the earth with 
which we are acquainted, 

To the ancient Greek it meant land—not all land, but only a 
limited territory, in the centre of which he lived. His earth 
comprised simply the Persian Empire, Tialy, Egypt and the bor- 
ders of the Black and Mediterranenn seas, besides his own oonn- 
try. Beyond these limite, the land extended indefinitely to an 
unknown distance—iill it reached the borders of the treat ocean 
which completely surrounded i, 

To the members of this society the word “earth” suggests a 
very different idea, The term arouses in our minds the concep- 
tion of an enormous globe suspended in empty space, one side 
in shadow and the other bathed in the raya of the sun. The 
outer surface of this globe consists of a uniform, unbroken ocean 
of air, enclosing another more solid surface (composed partly of 
land and partly of water), which tems with countless forma 
af animal and vegetable life. This is the earth of which geo- 
graphy gives wa a desoription. 

To the ancients the earth was a flat plain, solid and immovable, 
and surrounded by water, out of which the sun rose in the east 
and into whieh i set in the weet. To them “* Geography ™ meant 
Aimply a description of the lands with which they were ac- 
quaimted, 

Herodotus, who lived about the year 450 5, C., tranemitted to 
posterity an account of the world aa it was known in his day. 
We look upon him as the father of geography as well as of 
history, He visited the known regions of the earth, and de- 
genbed aveurately what he saw, thos laying the foundations-of 
COmipAritive cwogmipliy. 

About 200 veara KC. Alexander the Great penetrated into 
hitherto unknown regions, conquered India and Hussia, and 
founded the Macedonian Empire. He sent a naval expedition to 
explore the coasts of Join, accompanied by philosophers or 
learned men, who deseribed the new countries discovered and 
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the character of their inhalitants. This voyage may be conaid- 
ered as originating the acitnee of Political Geography, or the 
geography of mun. 

About the year 200 B.C, Eratesthenes of Cyrene, the keeper 
of the Royal Library at Alexandna, became convinced, from ex- 
periments, that the idea of the rotundity of the earth, which bad 
been sadvanoed low some of his predecessors, was correet, and 
at taunpotured to determinu Upon eoOrrinet principles ite Tagnitude, 
The town of Cyrene, on the mver Nile, was situated exactly 
under the tropic, for he knew that on the day of the summer 
solstice, the sun's rays. illuminated at noon the bottom of a 
dewp well in that city. At Alexandria, however, on the day 
of the summer solstice, Eratosthenes observedl that the vertical 
finger of a sun-dial cust a shadow at noon, showing that the sun 
war not there dxacthy overhead: From the Wnyth of the shadow 
he ascertained the sun's distance from the zenith to be 7° 12, or 
one-fiftieth part of the circamference of the heavens; from which 
he calewiated that if the world was round the distanee between 
Alexandria and Cyrene-should be one-fiftieth part of the cireum- 
ference of the world, The distance between these cittes was 
4000 stadia, from which he calenlated that the ciroumference of 
the world was fifty times this amennt, or 250,000 stadia, Un- 
fortunately we are ignorant of the exact length of » stadium, 
so we have no means of testing the accuracy of his deduction. 
He was the founder of Mathematical Geography; it became pos- 
sible through the Isbors of Eratosthenes toa determine the loca- 
tion of places on the surface of the earth by means of lines oor- 
responding to our lines of latitude and longitude. 

Claudine Ptolemy, in the second century of the Olmstian era, 
mide a entalogue of the positions of plans as determined by 
Erastosthenes and his suceessors, and with this as his basis, he 
made a series of twenty-six maps, thus exhibiting, at a glince, 
in geographical form, the results of the labors of all who pre- 
ceeded him, To him we owe the art of map-making, the origina- 
ron af Geograph Art, 

We thus see that when Home beoan te role the world, the 
Greeks had miade great progress in geography. They already 
possessed Comparative, Politteal and Mathematica! Geography, 
and Gwographic Art, or the artof making mapa. 

Then came a pause in the progress of geography. 

The Romans were s constantly oocupied with the practical 
affairs of life, that they puid little attention to any other kind of 
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geography than that which facilitated the administration of their 
empire, They were great rosd-luilders, and laid out highways 
from Heme tu the farthest limits of their powessions. Mups af 
their militury roads were made, but little else, These exhibited 
with accuracy the less and greater stations on the route from 
Rome to India, and from Romw to the further end of Britain. 

Then came the decline and fall of Rome, and with 1 the com- 
plits collapse of geographical knowledge, In the dark ages, 
ooogrrap ly practionlly cease to oxist In the typed ry of 
the middie ages, Jerusalem Iny in the centre with Paradise on 
the East and Europe on the Weat. It was not until the owe of 
the dark ages that the spirit of discovery waa re-awakened, 
Then the adverturous Northmen from Norway and Sweden 
crossed the ocean to Loeland, 

From Jeeland they proceeded to Greenland and ¢ven visited 
the main-land of North America about the vear loo AL D,, 
cousting an fur south as New England; but these voyages led to 
no practical results, and were forgotten or looked upon as myths, 
until within a few years, For hundreds of years geography 
made but litth: abvance—aml the discovertes of five centuries 
wore lew than those now made in five years. In the fourteenth 
or fifteenth century, the mariner’s compass was introduced inte 
Europe from © hina, and it then became possible te venture upon 
the ocean far out of sight of land. Columlbas instead of enast- 
ing from shore to shore like the ancient Northmen, boldly set sail 
across the Atlantic. To many of his contemporaries it must hove 
sccined midness to seek the East by thus sailing towards the 
Woat, and we need hardly wonder at the opposition experionved 
from his crew. The rotundity of the earth had become to him an 
abjective reality, and in sublime faith be pursued his westward 
way. Expecting to find the Esst Indies he found Ameren in- 
atead. Five centuries had clapsed-since the Northmen had made 
their voyages ta these shores—and them labors had proved to 
be barren of results, The discovery of Columbus, however, im- 
mediately bore fruit. It was hit genius and perseverance alone 
that gave the new world to the people of Europe, and he is 
therefore rightfully entitled to be called the disoverer of Amer- 
ica. His discovery waa fraught with enormous consequences, 
and it inaugurated a new era for geographie research. The 
spirit of discovery was quickened and geographic knowledge ad- 
vanoed with a great leap. Amerien was explored ; Africa waa 


eircummavigated, Magellan demonstrated the rotundity of the 
earth by sailing westward until he reached his starting point. 
Everywhere —all over the civilized world—the epirit of adven- 
ture was aroused, Navigators from England, Holland, France 
and Spain rapidly extended the boundaries of geographival 
knowledge, while explorers penetrated into the interior of the 
new lands diseovered, The mighty impetus given by Columbus 
eet the whole world in motion and it has gone on moving ever 
dines with accelerated veloeity, 

The great progress that has been made can hardly be realized 
without comparing the famous Borgia map, constructed about 
one hundred years before the discovery of America, with the 
malern naps of the same countries ; or Hubbard's map of New 
England made two. hundred vears ago, with the corresponding 
map of today. The improvements in mep-making originates 
with Mercator, whe, i 1540 eonstructed his evlindrical projeec- 
tion of the sphere. But it has boon only during the last hundred 
years that reat progress has been made, Much yet remains to 
be dong before geogmphic art can fully accamplish its mission, 

The present century forme anew era in the progress of geog- 
rapliy—the era of organized research, In 1840, the Hoyal 
Geographical Society of England was founded, and it already 
forme o landmark in the history of discovery. The Puris Society 
preceded it in point of time, and the other countries of Europe 
axon followed the example. ‘Thronh these organieations, stu- 
dentaand explorers have been encouraged and pesisted, and in- 
formation syatematically collected and arranged. The wide 
diffusion of geographicn! knowledge through the medinm of 
these societios and the publicity of the discussions and eritician 
that followel, operated to direst the current of exploration into 
the mast useful channels, Before organized effort, darkness save 
way atevery step. Kuch observer added fresh knowledge to the 
existing sture, withont aoneceesary duplication of research. The 
reports of diseoveries wore discussed and criticized by the socte- 
ties, and the contributions of all were co-ordinated into one great 
whole. 

Amerien refuses to be beftin the rear. Already her explorers 
are in every land and onevery cea, Already che has contributed 
her quota of martyrs in the frozen north, and has led the way 
inte the torrid regions of Africa, The people of Europe, 
through Columbus, opencil up a new world for us; and. we, 
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throne¢h Stanley, have dis¢overed a new world in the old, for 
them. 

Much hat been done on Innd—ltthe on the other three-quar- 
ters of the wirth’a surface. But here America bas laid the foun- 
dations of a new scienes,—the Geography of the Sea, 

Our explorers have mapped out the surface of the ocean and 
discovered the great movements of the waters, ‘They have traced 
the southward flow of the Arctic waters to temper the climate of 
the torrid gone, They have followed the northward set of the 
heatel waters of the equator and have shown how they form 
these wonderful rivers of warm water that flow, without walla, 
through the colder watérs of the ‘sea, till they strike the western 
shores of Earopo and America, ind how they render habitable the 
ilmost Arctic conntries of Great Britian and Alaska. They have 
even followed these warm currents further and shown how they 
penetrate the Arctic Ocean to lessen the rigors of the Aretic eal, 
Gravely, bot vainly, have they sought for that ignite fatuu of 
explorers—the open polar sea—proluced by the action of the 
warm waters from the south, 

Amerivan explorers have sounded the depths of the ocvan and 
discovered mountains and valleys beneath the waves, They have 
found the great plateaus on which the calles rest that bring us 
ite instantansous communication with the rest of the world. 
They have shown the probable existence of a vast submarine range 
of mountains, oxtending nearly the whole length of the Pacitie 
Ocoan—mountamns ao high that their summits rise nbove the sur- 
face to form istands and archipelacoes in the Paeifie. And all 
this vast region of the earth, which, » few years aco, was con- 
sidered tninhabitahle on account of the preat preseore, they haye 
discovered to be teeming with life. From the depths of the ocean 
they huve brought living things, whose lives were spent under 
conditions of such pressure that the elastic foree of ther own 
bodice borat them open belore they could be brought to the sur 
face; living ereatures who self-luminous spots auppled them 
with the light denied thom in the deep abyss from which they 
eprang—abysses ao deap that the powerful rays of the stn could 
only feebly pametrate to illuminate or warm, 

The exploring vessels of our Fish Commission have discovered 
in the deep sea, in one single season, more forme of life than were 
found by the Challenger Expedition in a three years’ cruise. 
Through their agency, we have studied the geographical distribu- 
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tion of marine life; and in our marine laboratories, explorers have 
studied the life history of the most useful forme. 

The knowledge gained hae enabled us te breed and multiply at 
will; to protect the young fish during the period of their in- 
fancy—when alone they are liable to wholesale destruction—finally 
to release them in. the ocean, in those waters that are most ault- 
able to their growth, The fecundity of fish is so great, and the 
protection afforded thom during the critical period of thetr life so 
ample, that it may now be possible to feed the world from the 
ocean nod set the laws of Matthews at dehance. Our geographers 
of the «ea have shown that an acre of water may be made to pro- 
duce more fowl for the support of man than ten acres of arable 
land. They have thrown open to cultivation a territery of the 
earth constituting three-quarters of the entire surface of the clot, 

And what shall we say of our conquests in that other vast ter- 
ritory Of the earth, greater in extent than all the oceans and the 
lands pot towether—the atmosphere that surrounds it. 

Here again America haa led the way, and laid the foundations 
ofa Geography of the Air. Buta littl while ago and we might 
have truly said with the ancienta “the wind bloweth where it 
likteth, and we know neither from whenen it comes nor whither it 
grove”: bot now curexplorers track the wind from point to port 
and telegraph warnings in advanee of the storm. 

In this department, the Geography of the Air, we lave far aut- 
stripped the nations af the workl We have pueail the mob- 
period of research when the observations of multitades of individ: 
uals amounted) bo little, from lack of concentrated action. Orguni- 
gation bos been effected, A Contral Boren hos been vstablihed 
bh Washington, and an ory of triined observers has been 
dispersed over the surface of the globe, who all observe the con- 
dition of the atmosphere pecording to 4 pre-eonearted phin, 

The vessels of our navy and the mercantile marine of our own 
and other countries have been impressed inte the service, and thus. 
our geographers af theair are stationed in every land and traverse 
the waters af every sea, Every day, at the same moment of ab- 
aclinte time, thew as band pote the conditian of thw trae late 
at the part of the earth where they happen to be, and the latitode 
and longitide of their position, The eollocation of these obserya- 
tions gives us a series of what may be termed instantaneous 
photoyraphs of the condition of the whole atmosphere. The eo- 
drdination of the observations, and their geographical represonta- 
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tion upon a map, is undertaken by a staff of trained experts im the 
Central Gurean in Washington, and through this organization we 
obtain a weather-map of the world for every day of the year, 
We can now study at leisure the past movements of the stmns- 
phere, and from these observations we shall surely discover the 
id laws that control aerial phenomena, We shall then not 
only know, a8 we do at present, whence comes the wind and 
whither it goed, but be able to predict its movements for the 
benefit of humanity. | 

Already we have attained o useful, though limited, power of 
prediction, , 

Qur Central Bureau daily collects observations by telegraph 
from all parts-of this continent, and our experts are this enabled 
to forecast the probabilities by a few hours. Day by day the re- 
cults are communicated to the public by telegraph in time to avert 
disaster to the mariners on our enetern coast, and facilitate agri- 
cultural operations in the Eastern and Middle States, 

Although many of the predictions are still falsitied by events, 
the percentage of fulfilmeita has bevome so large asto show that 
continued reseaeeh will in the future give usa fresh formes of pre- 
diction am] increase the weefulnéss of this branch of science Lo 
mankind. 

To all departments of geographical knowledge, Americans ary 
atwork. They have pushed themselves into the front rank and 
they demand the best efforts of their countrymen to encourage 
nd support. 

When wh embark on the ereat cocci of distovery, the horizon 
of the unknown advances with ws and surrounds us wherever we 
go. The more we know, the greater we find is owrignoruncs, 
Because we know so litth: we hove formed this society for the in- 
grease and diffusion of Geographical knowledge. Because our 
subject 16 so large we have organized the society into four broad 
sections: relating to the geography of the land, TL. G.Ogden, vice 
president; the aea, J. R. Bartlett, vice-president ; the air, A, W. 
Greely, vice-president ; the geographic distribution of life, ©. MH. 
Merriam, vice-president; to which we have added a tifth, relating 
to the nhetract science of pre wraphic art, incloding the art of Tish f= 
making ete,, A. H. Thompson, vice-presibent ; our recording tial 
corresponding sceretarics are Henry Gannett and George Kennan, 

We have been fortunate indecd tw secure as Vice-Presidents 
men learned in each department, and who have been personally 
identified with the work of research, 
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GEOGRAPHIC METHODS IN GEOLOGIO 
INVESTIGATION. 


Hy W, MM. Davis. 


OTTLINE, 

Definition of Geography ond Geology—Geographic Metheda in Geclogy— Hutto 
an! Lyell—Menne depot explained) by existing procemes reveal the history 
of the earth—American Topogriphers—First Pennsylvania Surrey; geographic 
form aa the resuit of extinct provesses— Western Surveye; geographic form 
explaina! by existing prowesaes peveale the history of the earth—Dedurtive 
Teporrapip—CUnmiparison with Pulmontoiogy—Geogmphic Indiydusle—t'laeas- 
teutlon acoording to strocture—tIdeal cycle of regular development—lniormp- 
jigne in the Simple Idool Cycle—Geography nerds Ideal trpea anil technical 
terma—ompariaen with thy biotogical eciences—Teoching of Geocraphy—The 
water-falle of Northanstern Pennerivenia ae examples of deductive etoly— 
Systematic Geography. 


Thm history of the earth meludes among many things an 
meouit of ite structure and form at sucevssive times, of the pro- 
coats by which changes in ite structure and form have been 
produced, and of the causes of these provesses, Geography is 
according to ordinary definition allowed of all this only on 
aecount of the present form of the earth, while geoloyy takes all 
the rest, and it is too generkiiy the case that even the present 
form of the earth is insufficiently examined by geographers. 
Geographic morphology, or topography, is not yet developed into 
i science, Some writers seem to think it a division of geology, 
while geologists are as a tule too much oceupied with other mat- 
ters te give it the attention it deserves. It is not worth while to 
embarrass one's atudy by too much definition of ite subdivisions, 
but it is clearly advisable in this case to take such steps as shall 
hasten a critical and minute examination of the form of the 
earth's surface by geographers, and to this end it may serve o 
useful purpose to enlarge the limited definition of geography, as 
given above, and insist that tt shall include not only a deseriptive 
and statistical secount of the present surface of the-earth, but 
also s systematic classification of the features of the earth's sur- 
face, viewed as the results of certain processes, acting for various 
periods, at different ages, on divers structures, As Mackinider of 
Oxford has recently expressed it, geography is the study of the 
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present ln the light of the past. When thus conceived it forms 4 
fitting complement to geology, which, as defined by the same 
author, is the study of the past mo the light of the present. The 
studies are inseparable and up toa certain point, their physical 
aspents maw be well followedetogether, under such a name as 
physiography. Spee wlisaetion may then lead the student more to 
one stbjeet than to the other, 

An illustration from human history, where the study of the 
past and present has a single name, may serve to make sry mutt 
ing cleat in regard to the relation of the two parts of terrestrial 
history, which have different names, A descriptive and stuttsti- 
cal uceotint of a people as at present existing, such aa that which 
cur statistics! othe of the last Census gives in outline, corr. 
sponds to weovraphy in ite ordinary limitation. A reasonably ex- 
tension of such an aceount, introducing « consideration of antece- 
dent conditions and events, for the purpose of throwing liyrht on 
existing relations, represents an expanded conception of gcogra- 
phy, The minute study of the rise and present condition of any 
single industry would correspond to the monagraphic account of 
the development of any simple group of geographic forms, On 
the wither hand, histury taken in its more wenera) aspects, inelud- 
ing an inquiry inte the ennsee and processes of the rise and fall of 
Aneient nations, answers to geology ; and An moron of man 
brief post stow of history is the equivalent of paleograplhy, a 
sibject at prewint vary littly studied and seemingly destined 
alwinys ti osampie sharp determination, tt 1 manifest that 
weology and geography thas defined are parts of a-single great 
subject, and must not be considered independently. 

History beim Bacwere whet it oor w mere narration srl 
acarched for the canses of the facta narrated |; when it ceased to 
aceept old narratives as. abeolute records and jadged them by 
eriteria derived fram our knowledge of human nature m+ we sev 
it at present, but modified to aceord with past conditions. 

Geology become a science when it adopted veouruphic methods, 
The interpretation of the past by means of 4 study of the present 
proves to be the only -aafe method of reologie INVER gation, 
Hutton and Lyell may be named as the prominent leaders of this 
school and if we admit a reasonable modification of their too 
pronounced uniformitarianiam, all modern geologists are their 
followers: ‘The discovery of the conservation and correlation of 
energy cies additional support to their thesis by ruling cut the 
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gratuitous assumption of great results from vague enuses, Canses 
must be dhown to be not only approprinte in quality, but anf- 
ficient in quantity before they can be safely accepted. Hut the 
geographic arrument as expounded by the English school deals 
ulmost entirely with processes and neglects a large class of resulta 
that follow from these processes. Much attention is given ti the 
methods of transferring the waste of the land to the sea and 
dopositing it there in-stratified masses, from which the history of 
ancient lands: is determined, Hut the forme assumed by the 
wasting land have not been suftictently examined. [1 was recog- 
nized in a jreneral way that laud forms were the product of denn- 
Hation, but the enormous volume of material that had heen 
washed off of the lands was hardly appreciated, and the great 
siniticonce of the formes developed during the destruction of the 
land was not perceived. 

Hutton sars a little about the relation of topography to struc 
ture; Lyell sive less. The systematic study of topography is 
largely American, Thery is opportunity for it in this eountry 
that ts not easily found in Knrope. The advanew m this study 
has been made in two distiner steps; first, In the Eust shout 
ted; second, in the West about 1870. The first step was taken 
un that historic docade when our early State surveys accomplished 
their great work, The Pennsylvania surveyors then developed 
topography into adelenee, os Losey tella us so eloquently in his 
rare littl book “(€loal jail its ‘Topography . LeaO, whieh deserves 
to be branght mote to the attention of the younger seographers 
and geologists of tovday, It presents in brief and picturesque 
farm the topographical results of the first eedlogival survey of 
Pennsylvania, It shows how Lesley and the other mombers of 
that survey “became not Tineralarists, not miners, rot learned 
™m fossils, not geclogists:in the full sense of the word, bas Leapverge- 
faphors, and topography became a scienee and was returied to 
Europe smal ptcrrntond to geology aa tn Amorican invention: 
The passion with which we studied it is inconceivable, the details 
ita which it leads is were infinite, Kvery township was a new 
monograph.” (pp, 125.) Son of the finest rroapea of eanies and 
nynrs devoloped on the folded buds af the Pennsytvania Appa- 
lochians are Ulustrated from studies made hy Hendernin, W help- 
ley and MeKinley, und they certainly desurve the most attentive 
examination. [ often foel thut they have been of the greatest 
assistance Inimy own field work, especially in the efforts I have 
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made to diseover the structural arrangement of the Triassic lava 
sheets in the Connecticut valley, But although the intricacies of 
Appalachian topography were then clearly seen te depend on the 
complication: of Appalachian structure, the process of topo- 
graphic development was not at that time discovered. “The 
only question open to discussion is,” says Lesley, “ whether this 
plining down of the ernst to ite present surface was o secular or 
an instantanvous work” (p, 139), and he decides in favor of the 
latter alternative. He adds, that to the field worker, “The rush 
of an ocenn over a continent ..... leads off the whole procession 
of his facts, and is indispensable to the exercise of his sagacity at 
every turn” (p. 100). “The present waters are the powerless 
modern representatives of those ancient floods which did the 
work” (p. 151). 

It is not the lenst in any spirit of disparagement that 1 quote 
these cataclysmic views, now abandoned even by their auther, 
Great generalizations are pot often completed at a single step, 
and it is enough that every effort at advance should have part of 
its movement in the right direction. What I wish to show ta 
that topographic form was regarded in the days of our eastern 
surveys, even by our first master of American topography, as a 
completed product of extinet processes, ‘Topography revealed 
atrocture, but it did not then reveal the long history that the 
structure hoe passed through. The anticlinal vallers, hemmed in 
by the even-topped sandstone mountains of middle Pennsylvania, 
were found to tell plainly enough that a vast erosion had taken 
place, and that the resulting forme depended on the structure of 
the eroded mass, but it was tacitly understood that the land stood 
at its present altitude during the erosion, The even crest lines of 
the mountains and the general highland level of the dissected 
plateau further west did not then reveal that the land had stood 
lower than at present duritige a great part of the erosion, and thus 
the full lesson of the topography was not learned. The system- 
atic relation of form to structure, base level ond time; the 
change of drainage areas by contest of headwaters at divides ; 
the revival of exhausted rivers by mussive elevations of their 
drainage areas; all these consequences of slow adjustments were 
then unperceived, In later years there seems to be a general 
awakening to the great value of these principles, which mark the 
second stage in the advance of scientific topography, referred to 
moo e, 
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It is not onsy to sketch the history of this awakening. Ram- 
say yeurs age contributed an element in his explanation of plains 
of marine denudation; Jukes opened the way to an understand- 
ing of cross vallevs ; Newberry extluded fractures from the prro- 
duction of the most fracture-like of all water Ways; and our 
government surveyors in the western territories have fully devel- 
opedt the all important idea of base level, of which only a bnef 
and imperfect statement had previously been current. 1 cannot 
way how far Rurcpewn geographers and geologists witli be will- 
ing to place thes highest toloe on the Inst named element: to mo 
it takes the place of Lealev’s ocean flood, in leading off the whole 
precessian of outdoor farts. In is indispensable et every torn, 
Recently, mention should be made of Lowl, of Prague, who has 
done * much to explain the development of rivers, and of 
McGee, who has explicitly shown that we oust “read geologic 
histery in erosion as well as in deposition,” 

If it be true that the groater part of this second advance ts 
American like the first, it most he ascribed to the natural appor- 
tunities allowed us, The topographers of the Appalachians had 
a Geld in which one great lou Wee repented over atul over 
again and forced on their attention, The patchwork structure of 
Europe gave no such wide opportunity. The surveyors of the 
western territories again found broad regions teliing one story, 
and all 9} plainly written that hy must ron far thead who reada 
it. Tt ie to this opportunity of rapid discovery and interpretation 
that Archibald Getkie alludes in the preface to the recent second 
edition of his charming volume on the “Scenery of Seothwnd,” 
He says that sinee the hook frét-appeared he has seen many parts 
of Europe, “but above all it has been my gow! fortune to have 
beer able to extend the roearch inte weetern America, and to 
hove learned more during my months of sojourn there than dur- 
ing the same nomber of years in the Old Country.” (p. wi) 

Gur position now is, therefore, while structure determines form 
as our earlier topographers taight, and while form-producing 
prodessea are alow, ae had been demonstrated by the English 
geologists, that the sequence of forme assumed by a given struct- 
ure during ite long life of waste is determinate, and that the 
early or young forms are recognizably different from the mature 
forms and the old forma, A young plain is smooth. The same 
region at alatter date will be roughened by the channeling of ite 
larger #treams and by the increase in number of side branches, 
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until it comes to “matority,” thatis to the greatest variety or 
differentiation of form, At a still later date the widening of the 
valleys consumes the intervening hills, and the form heromes 
tamer, until in “old age” it returns to the simple plain surface 
of *youth” Young motintains possess structural Inkes and are 
drained largely by longitudinal valleys; old mountains have no 
such lakes and have transverse drainage, formed as the growing 
headwaters of external streams lead out much water that form- 
erly followed the longitudinal valleys, Young rivers may have 
falls on tilted beds, but such are short lived. Falls on horizontal 
beds are common and survive on the healwater branches of even 
mature rivers All falls divappear in old rivers, provided they 
wre not resuscitated by some accident in the normal, simple cvele 
of river life, The phaecs of growth ore as distinct o= in organic 
forms. As thie idea has grown in my mind from reading the 
authors above narod, meography has guined a new interest. The 
different parte of the world are brought into natural relations 
with one another; the interest that change, growth and life had 
before given to the Inologie acieness only, now extends to the 
study of inorganic forms. [ft matters not that geographic growth 
is destructive ; it involves a systematic change of form from the 
early youth to the distant old age of a given structure, and that 
is emotighs. It matters not that the change is too slow for we to 
gee Ths progress in any single stracture, We do tot believe that 
an oak erows from wn acom from seeing the full growth accom. 
plished while waiting for the evideuew of the fact, bat because 
partly by amilogy with plants of quicker development, partly bv 
the sight of oaks of different ages, we are conyieed of a change 
that we wldom wait tosee, [tis the same with geographic forms. 
We find evidenve of the wasting of grest mountains In the waet- 
Ing of litthe mounds of sand ; and we may by-searching find wxam- 
ples of young, mature and old monuntams, that follow as well 
marked a sequence as that formed by small, full grown and 
decaying oaks, lf the relative positiony of the membors in the 
xequence is not manifest at first, we have the mental pleasure of 
searching for their true arrangement, The face of nature thus 
hecomes alive and full of expression, and the coneeption of its 
change becomes so ren] that one almost expects to soo the change 
in sucvessive Visits to one place, 

Now consider the deductive application of this principle. 
Having recognized the sequency of forms developed during the 


Geographic Methods in thealagic fnvestigation, \7 


wasting fe of a single structure, reverse the conception and 
we have a powerful geographic method for geologic investiga- 
tion, On entering a new country, apply there the principles 
learned from the inductive study of familiar regions, ond moch 
past history i# revenled; the age of mountains may be deduced 
from their form a4 well.as from their rocks; the altitudes at 
which a district has stond may be determined by traces of its 
old base levels, of which we learn nothing from the ordinary 
roatine of geologic observation, that is, from a study of the 
structure und age of the rocks themeelyes, The principle is com- 
monly employed nowadays, but ite methods are not formulated, 
and its fall value is hardly yet perceived. Heim has found traces 
of suecessive elevations in the Alps, proved by incipient base 
levels at several consistent altitudes an the valley slopes. New- 
berry, Powell and Dutton have worked out the history of the 
plateau and cafion region from its topography: Chamberlin and 
Salisbury write of the young and old topographic forms of the 
drift-oorered and the driftless areas in Wisconsin ; LeConte and. 
Stephenson have interpreted chapters in the history of California 
und Peonsylvania from the form of the valleys, Recently Me- 
Gee has added most interesting chapters te the histery of our 
middie Atlantic slope, in an esany that gives admirable practical 
eapasitivn of the geographic methods. In the light of these 
original and suggestive studies one miy contend that when 
geographie forms in their vast voriety are thus systematically 
initerpreted as the eurface features of o4 many structures, belong: 
ing to a moderate number of families and having expression 
charaoterstic of ther age and necdents, their elevation and 
opportunity, then geography will be for the wasting lands what 
paleontology has come to be for the growing ovean foors. 

An interesting comparison may be drawn here. Fossils were 
first gathered and deserilwd as individual spectmens, with no 
comprehension of their relationships and their significance, It 
was later fowl that the fossils in a certain small part of the 
world, Eneland—that wonderful epitome of geologic history— 
were arranged in sequences? iu the bedded rocks containing them, 
certain groups of forme together, sucecesive groupe in shelves, as 
it were, one over another, “Then it was diseovered that the local 
English seale bad a wider application, amd finally it has come to be 
accepted an a standard, with certain modifications, for the whole 
world. The exploring geologist doce not now wart to learn if 
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a formation contaiming trilobites underlies another containing 
Ammonites, hut on finding the fossils in the two, confidently and 
as:faras we know correetly concludes that such is their relative 
position, Thus the sequence of submanne processes is made out 
by the sequence of organic forma, In brief, paleontoloey has 
passed largely from the inductive to the deductive stage. 

The geographer tiret rewarded the features of the land as com- 
pleted ontities, with whose ongin he was in ne wise concerned, 
later it waa found that some conception of their origin was im- 
portant in appriciating their present form, but they were still 
riygninded as the product of pst, extinet processes, “This view 
hos been in turn displaced by one that conavlers. the foanures of 
the lund as the present stage of w long evele of systematically 
changing forms, sculptored hy processes still in operation, Now 
recognising the sequence of changing forme, we may determine 
the place that any given feature qoeupiies in the entire sequence 
through which it nist pass jy ite whole eyele of development, 
And then reversing this conception we are just beginning to de- 
dee the past history of o district by the degree of development 
of its features, Geography ts, in other words, entering o de- 
ductive stag, bke that already reached by paleontology. 

The antecedent of deductive to powerap hey is the svsteniatin 
study of land geovraphy. “Tho surface. of the land ts made wp 
of many more or less distinct geographic imdividoals, every indi- 
vidual consisting of a single structure, containing many parts or 
features whose expressiin varies a6 the processes of Lond seni pture 
earry the whele through its long eyele of life. “There is endless 
vanety among the Housands of strictares that compose the land, 
hut after recognizing a few large structural families, the remain- 
ne differences nay be reurded as individual, In a given family, 
the individuals prosent great differences of expression with age, 
us between the vigorous relief of the young Uimalaya nod the 
sildlied forme of the old Appalachians; or with cevation over 
hase level, as between the gentle plain of the low Atlantic coast 
and the precocious high platesus of the Colorado river region; 
orawith opportunity, as between the last named plateans with ex- 
terior drainage and the high plains of the Groat Basin, whose 
waters have no esrape cave by evaporation or hich level overtlow ; 
of with complesity of history, as between the immatire, unde- 
veloped valleys of the lava block country of southern Oregon, 
and the once empty, then gravel-filled, and now deeply terraced 
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inner vallova of the Himalaya. When thus studied, the endless 
variety of the topography will be considered in ite proper 
relations, and it will not seem as hopeless as: it does now to 
gin a rational understanding ond appreciation of geographic 
morphology, 

We-shoulil frat recogrive the fact that a geographic individual 
is an ered, berger small, whee surface form depends on a single 
structure, Houndaries may be vague, different individuals may 
be blended ar even superposed, but in spite of the indefiniteness, 
the attempt to sub-divide a region inte the individuals that eom- 
pose it will be found very profitable. Ino large way the Appa- 
lachian platewn is an imilividunal: the Adirondacks, the terminal 
more of the second glactal epoch are others: Ina small way, 
a drumiin, a fan delta, a mesa, are individuals: The lineor 
plateaus of middle Pennsylvania are hybrids between the well- 
developed Linear ridges of the mountams farther east ond the 
irregular plateau masses farther west, 

A rouvh classification of geographic individuals would group 
them under such hendings as plains, platesna, and rough broken 
countries of loarcmental structure: mountaine of lroken, tilted or 
folded structure, wenerally having o distinet linear extension ; 
voleanoes, including all the parts from the bottom of the stem or 
neck, op te the lateral subterranean expansions known is Laci 
lites, and to the surface cones ond flows; glacial drift; wind 
drift. The agents which aceamplishe] the work of denudation 
are aleo susceptible of classifiention ; nvers according to the ar- 
rangement of their branches, and their imperfections in the form 
of lakes and glaciers, The valleys that nvors determine may be 
considered ae the converse of the lands in which they are cut ; 
and the waste of the land on the way to the «ea i# susceptible of 
careful discrimination; local soil, talus, alluvial deposits, fan 
cones and fan deltas, food plains and shore deltas, Their varia- 
tions dependent on climatic conditions are of especial lmportance, 
The structures formed along shore lines are also significant, "This 
list is intentionally brief, and the lines between its divisions are 
not sharply drawn. It undoubtedly requires disoussion and eriti- 
ciem before adoption. It differs but slightly fram the commen 
geograpiiec stock tn trade, bot for ite proper application tt requires 
that the geographer should be in some degree a geologist. 

The changes in any geographic individual from the time when 
it was offered to the destructive forces to the end of its life, when 
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itis worn down to a featureless base level surface, are worthy of 
the most attentive study, The immaturity of the broken country 
of southern Oregon, a4 compared with tho more advanced formes 
of the Basin ranges, is a case in hand, The Triassic formation 
of the Connecticut valley is in some ways of similar stracture, 
being broken by long pornllel faults into morrow blocks or slabs, 
every block being tilted from ite original position, Russell's de- 
scription of the blocks in southern (hregon would apply nicely to 
thew in Cannectient, exeept that the former have livers: dis- 
placements, while the Jatter all dip one way; but the Conneticut 
Lndividual has, | feel rontident, passed throngh one evole of lite 
and has éntered well on a second: it has once been worn down 
nearly t0 base lovel since it was broken aod faulted. and subse- 
quent elevation ata rather remote period has allowed good ad- 
vance in a repetition of this process. The general uniformity in 
the height of its trap ridges and ther strong relief above the 
present broad valley bottom, require ns te suppose this complex- 
ity of history. A given structure may therefore pes through 
two or more suocessive cycles of life. and before considering the 
resulting composite history in ite entirety, it would be best to 
examine enses of simple development in o single cyele. After 
this is nccomplished, it would be possible to reeognine the incom- 
plete partial eveles through which a structure has passed, and to 
refer every detail] of form to the evele in which it was produced. 
The most elementary example that may be chosen to illustrate 
asimple cycle of geographic life is that of a plain, elevated to 
amoderate height above its base level, The cose has already 
heen referred to here and is given in more detail in an article 
printed in the proceedings of the Amerioun Association for the 
Advancement of Smenee, for 1484, towhich Lwould now: refer, 
When the succession of forms there described aa developed at a 
given elevation over base level is clearly perceived, the oeenrrence 
of forms dependent on two different hase levels in a single region 
can easily be recognized. The mest striking example of such o 
complex case that T know of is that of the high plateaus of Utah, 
dé described by Dutton, Northern New Jersey presenta another 
eample less striking bat no less valuable : the general upland 
surface of the Highlands is on old base level, in which valleys 
have been cut in consequence of a subsequent elevation, The 
plateau developed on the tilted Triassic heds about Bound Brook 
if a second base level, cut during a halt in the rise from the 
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previous lower stand of the land to its present elevation, There 
iso parable that Wlnstrates the principle here presented. 

An antiquary enters a studio and finds a sculptor at work on a 
marble statue. The design is as yet hardly perceptible in the 
rough cut black, from which the chivel strikes off large chips at 
every blow > but on looking closer the antiquary diseovers that the 
block iteelf isan old tores, broken and weather beaten, and at 
once his imagination runs back through its earlier history 
This ts not the first time that the marble has Jain on a senlptor's 
fable, and suffered the strong blows of the first rough shaping. 
Long ago it was chipped and out and polished ito shape, and 
perhaps even set up in its completed form in some garden, but 
then it was nogleotanl and badly nae, thrown over anil broken, 
till its perfect shape was lost, and it was sold for nothing more 
than a marble block, to be carved over aya if the 4culptor sees 
fit, Now it. just beginning its second career, We may find 
many parallels ta this story in the land abwut os, when we study 
its histery through its form, The sequen of events ood conse. 
quently of forms is so apparent bere that tie one could have 
difficulty in interpreting history from form, and it shall come to 
be the aume in geography, The gore of the Wissahickon 
through the jnghland northwest of Philadelphia can lave te 
other interpretation than one that likens it to the first quick work 
of the sealptor on the olf torse. 

An essontil as well as an advantage in this extension of the 
study of geography will be the definition of types and terme, 
beth chosen in secordance with a rational and if possible a natural 
eyetem of classification, “Types and terms are beth already in- 
troduced inte weoyraplie study, for its very elements present 
them to. the beginner in a siinple onl rather vacun way: momn- 
taitéare high snd rough: Inkes are bodies of standing water, 
and so ot, Et is to sich types and terms as these that every 
scholar must continually retorn of he reads accounts of the 
world, and it ts-to he regretted that the types are vet so poorly 
chosen and so imperfectly Tlustrated, and that the terms are so few 
and so insufficient, Physical geography is particularly deficit in 
these respects, andl needs te be greatly modified in the light of the 
modern advance of topography General accounts of continental 
homologies of course have thidrinterest and their value, but thay 
ure of the kind that would associate whales with fishes amd bats 
with birds. The kind of reform that is needed here may be prer- 
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delved from that which hase overtaken the biological aciences: 
The better teaching of these subjects lays representative forms 
before the: student and requires him to examine thelr parts 
minutely, The importance of the parts ts not judged merely by 
their size, but by their significance also, From a real knowledge 
of these few types and their life history it ie easy to advance in 
school days or afterwards te a rational understanding of a great 
number of forme, Few students ever go so for in sehiol as to 
study the forests of North Amertca or the fauna of South Amer- 
ion, It ia suffivient for them to gain a folr aoqunintance with o 
wohl number of the type forms that make up these totals. It is 
quite time that géogriaphy should aa far as possible be studied in 
the same way, Noschool boy cum goin 2 comprehensive ideo of 
the structure of «continent until he knows minutely the individ. 
ual parts of whieh continents are composed. No explorer can 
perceive the full meaning of the country he traverses, or record 
his observations so that they can be read intelligently by othere 
until he is fully conversant with the features of cvographie types 
atid with the changes in their expression as they grow old. Both 
echidar and explerer should be trained in the examination and de 
eeription of weographie types, not necessarily copies of actual 
places, before attempting to study the physical features of a 
country composed of a large number of geographic mdividuals. 
When thus prepared, geography will not only serve in geologio 
Investigation, it will prosper in ita proper field as well, 
Geographic dexenption will become more and more detinite as 
the observer has more and hetter type forms to which he may 
hiken those that he finds in his explorations, and the reader, taught 
from the same types, will gather an intelligent appreciation of 
the ohwerver’s meaning. Take the region north of Philadelphia 
above referred) to, Having grown up upon it, TD ealled ita hilly 
country, in aveordance with the geographic lessons of my school 
daye, and continued to do so for twenty years or more, until on 
Opmning my eves its real form was perceived. It is a surface 
worn down nearly to a former base level bat now diversified by 
ramifving valleva, cut inte the old base level in consequence of A 
subsequent hut not very ancient elevation of a moderate amount, 
Maturity is not yet reached in the present cycle of development, 
for there is still much of the old base level surface remaining, 
into which the valleys are gnawing their head ravines and thus 
increasing the topographic differentiation. Perhaps not more 
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than a sixth of the total mass ulove prewent hase lewel ie vet con 
eumed., ‘To say that a conntry is hilly gives so wide a range to 
the imagination that ao correet conception of it can be gained, 
but [venture te think that one who understands the terms used 
can derive a very definite amd accurate coneuption from the state 
merit that’ a. certain comntry ts an Old, alimdst completed bas 
level, raised from one to three hundred feet, and well advanced 
Lowi maturity in ite preaent ovele of change. 

Tt is from geographic methods thus voncetved that geologic 
investigation awill gain assistance, As the subject is properly 
developed it will form an indispensable part of the education of 
every explorer, topographer and geologist ; and in its simpler 
chaptors it will penetrate the achogle, “Therois no other subject 
in which there is greater (is propertion het wenn the iatrietion, 
as vemunonty tarried on, and the opportunity for application in 
after life, “The intelligent part of the world is travelling from 
place to place teoan extent that our fathers could not have Te 
lieved possible, and yet not one person inten thousand bas any 
pocpernplie instruction that onables him to see more than that oa 
river ia large or small, or that a hill is thigh or low, The mean, 
ing of geography isne much a sealed book to the person of ordi- 
nary intelligence and education as the meaning of a great cathe- 
dral would be toa backwoodsman, and yet no eathedral can be 
more suggestive of past history inits many architectural forms 
than is the land about ue, with itd innumerable and marvelously 
“ignificant geographic forms, Lt makes one grivve to think of the 
opportunity for mental enjoyment that is lost beeause of the fart 
ure of education in this respect. 

It may be asked perhaps how ean one be trained in geographic 
trpes, keetug that it is imporsible for schools to travel where the 
types oeeur, This is-surely a great and inherent difficulty, but 
it may be lessened if it cannot be overcome, Giood illustrations 
are bocaming moreand more commen by means of dry plate pho- 
tography ; maps are improving in number ard quality > Wut the 
most important means of teaching will be found in models. Ne 
imps, Hlustrations or descriptions can give as clear an idea of 
relief as can be obtained. from oa well-made melel, and with o set 
of models, fifty or sixty in number, the more important ty pos and 
their changes with age con be clearly understood. Maps, illus- 
trations and deseriptions supplement the models. The mape 
should be contoured, for in no other way ean the quan tibative 
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wilues be perceived that are essential to good study, The ils- 
trations should be of actual scenes; or, if designs, they should be 
designed by a geographic artist. The descriptions shonld wher. 
ever possible be taken from original sources, in which the narra 
tor telle what he saw himself, Ip is; no be snre, not always. POSH 
ble te know what kind of » form he deseribes, owing to lack of 
technical terma, but many aseful examples can be found that may 
then le referred to ther proper place m the system of geographic 
chissification that t¢ adopted, 

IT shall consider only one example in detail to show low far 
short, a4 it seems to me, geoeraply fails of ita preat opportunity, 
both ae tagght in schools and as applied in after life, 

In northeastern Pennsylvania there ore several water-falle that 
leap over tilted beds of rock, Such falls are known to be of rure 
ecwutrence, and weomay therefore inquire into the enue of their 
rarity and the significance of their ceeurrence in the rewion re- 
ferred to, 

We may first look at the general conditions af the occurrence 
of water-falls: They indicate points of sharply contrasted hard- 
ness in the rocks of the stream channel, and they show that the 
part of the channel above the fall las not yet been eat down to 
hast level. When the channel reaches ase level there can be no 
falls, Nuw itis known from the general history of rivers that 
enly ashert part of their long lives is spent in cutting their chan- 
nelé down to base level, exvept in the case of headwater streams, 
which retain youthful characteristics even through the maturity 
of theit main river, Consequently, it is not likely that at any 
one time, aa now, io the long lives of our many rivera, we should 
see many of them in their short-lived youthful phase. Palle ore 
exceptional and denote immaturity, They endure a little longer 
on horizontal bed4, which must be cut back perhaps many miles up 
stream before the fall disappears, than on tilted beds, which must 
he cut down afew thousand feet af moat to reduce them to base 
level. Falls on tilted beds are therefore of briefer duration than 
on hartnomntal beds, and are at any time proportionately rarer, On 
the hewiwater branches of ao river where youthful frntures auch 
ns steep slope and andden fall remain after the main river has o 
well-matured channel, we sometimes find many water-falla, aa in 
the still young branches of thy old Ohio, These are like young 
twice on an old tree, Hut even here the rocks are horizontal, and 
not tited mein the cases under consideration, 
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The falls of such headwater streama must persist until the 
pliteat is eut away, for the cap rocks over which the streams leap 
being horizontal cannot be smoothed down til the whole plateau 
iscut through, They are long-lived features, Moreover every 
one of the innumerable branch streams must on its way down 
from the uplands fall over the outcropping edires of all the hart 
beds, The falle will therefore be common as well as longived 
features, Their freqtient occurrence confirms the correctness of 
this genvralization, On the other hand, in revione of titted rocks, 
the hard beds wre avoided by the streams, which select the softer 
strata for their valleys, The bard beds soon stand up as ridges 
or divides, across whieh only the Lire streams can mamtain their 
conracs, anil these ire the very ones that soon cut down any fall 
that may appear in thie early stages. Falls on tilted rovks are 
therefore rare not only because of their brief duration, but aleo 
becouse tilted recks are crossed by few streams, except the large 
ones, which soon cut away their fails, 

The foregoing considerations show clearly enough that falls 
like those of northeastern Pennsylvania are rare, and we have 
now to consider why they should be prevalent in the region, in 
question, The Appalachians contain miny Wwitereaps eut down 
oy titel beds, every ne of which may have. been the site of 
fall for relutively brief period of river immaturity, but this 
brief period is now loft fur in the past. The streams show many 
signs if tiaturity: their slope ie gentle and their valleys are wide 
open from Alabama to Peonsylvania, bet tm the northeastern 
corner of the latter State we find a group of streams that leap over 
high benches inte narrow gorges, and the benches are held up by 
tilted rocks, Manifesthy the streams have in some way been 
lately rejuvenated ; they have been, in part of their coursed at 
least, thriwn back inte a condition af immaturity, At a time aot 
lon past, and, as has so well been shown by White, the esse of 
this ia the obstruntion of their old channels by regular deposits 
of elacial ditt, Here first in the whole longth of the Allegheny 
soction of the Appiulachians we find an exceptional condition of 
stream life, and here nleo we come inte a region lately glaciated, 
where heaps of doft have thrown the streams out of their old 
tracks. "The explanation fits perfectly, and if it had not been 
discovered by inductive observation in the field, the need of it 
might haye been demonstrated deductively. Tt is a case that has 
given me much satisfaction from the promise that it bolds out. 
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of a wide usefulness for yeography, when its forme are xystemati- 
cally studied and ite principles are broadly applied. 

A final word as to terminology, The material common to e- 
ography and geology may be incladed under the name pliesioura- 
phy, a8 used by Huxtey. Tt is, D think, a subject that is destined 
to reonive much attention. Physical geography, as ordinarily de- 
fined, does not cover the ground that it might fairly claim. It iz 
too largely deseriptive anid statistical, Geographic evolution, as 
defined by Geikie, is the general preparation of existing gongra- 
phy by geologic processes, It does not consider the general 
scheme of topographic development or the natural classification 
of geographic forms. 

It is net easy to change the accepted meaning of a term, and | 
wonld therefore suggest that unew torm should be introduced to 
include the classitication of geographic forms, ae advocated here, 
rather than that any old and accepted torm should he stretched 
over aA tew meaning. As the cssential of the study bere outlined 
is the systematic relation of form to structure, base level and 
time, the new term might be Systematic Georraphy. 
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THE CLASSIFICATION OF GEOGRAPHIC FORMS BY 
FE N ES | *, 


By Wd. Mc. 


SCImNTIFIC progress may be teasured by advance in the olmssi- 
ficution of phenomena, The primitive clussifiention is based on 
external appearances, and is a clussification by analogies ; a higher 
elusshcation ie based on internal ps well as external characters, 
and is a classification by hemalogetes ; but the ultimate classifies 
tion expresses the relations of the phenomena classified to all 
other known phenomena, and is commonly a classification by 
genesis, 

The early geologic classifieation was based chiefly upon simple 
facts of observation; but with continued research it is found 
that the processes by which the phenomena were produced may 
be inferred, and, accordingly, that the phenomenn may be prouped 
as well by the agencies they represent az by their own churaeter- 
istics, Thus the empiric or formal laws of rolation give place to 
philosaphic or physical laws indicating the casual relations of the 
phenomena, and the final urrangement becomes goneiie, or a 
classification by processes rather than prodects, 

The phenomena of geography anil geoloyry ate identical, save 
that the latter actenee ineludes the larger series: since the days 
of Lyell the geologist has seen in the existing conditions and 
avencies of the wrth o refection and expreeion of the conditions 
under which and the agencies by which its development has heen 
effvcted ; the far stretching vista of geologic history is ilumi- 
nated only by knowledge of the earth of to-day ; and the stages 
in geologic development are best interpreted in terms-of peogra- 
phy. Soa genetio classification of gelogic phenomena (which 
is rendered possible and intelligible through geographic researeh) 
will apply equally to geography, whether observational or of the 
mere philosophic nature whieh Davis proposes to call Systematic 
Geography, and whieh Powell has «called reomorphology. Such 
n Classifioation is here outlined. 


The various processes or movements with which the geologist 
has to deal fall naturally inte two principal and antagonistic cate- 
fories and five subordinate categories ; and each category, great 
ind small, comprises two classes of antagonistic procesies oF 
movements, 
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The initial geologic movements (a0 for aa may be inferred 
from the present condition of the earth) were distortions or dis- 
placements of the solid or solidifying terrestrial crust, occurring 
mn ately Miner aa bo produce irregularities of surface, These 
are the movements involved in mountain growth and in the up- 
heavel of continents. They have been in operation from the 
carlicst known eons to the present time, and ther tendency is 
over to deform the geoid and produce irregularity of the terrestrial 
surface. ‘The movements have been called collectively “ displace- 
ment” and “diastrophism,” but in the present connection they may 
by classed os digetotic, or, in the substantive form, as oeformt- 
tion, Recent researches, mainly in this country, have indicate 
that certain dinstatic movements are the result of transference of 
sediment — that areas of loading sink, and areas of unloading rise ; 
but it igevident that the transference of sediment ts itself due to 
antecedent diastatic movements by which the loaded irene were 
depressed and the unlonded areas elevated; and the entire ente- 
gory tay accordingly be divided inte ‘antecedent and consequent 
diustatic movements, A partiolly coincident division may be 
mide inte epefroyenic, or continent-making movements (so called 
by Gilbert), and oregenic, or mountain-making movements. 
Though there is commonly and perhaps always a horizontal com- 
ponent in diastatic movement, the more easily measured compo- 
nett is vertical, and when referred toa fixed datum (ey. #¢a lewel) 
it is tepresented hy deration and depresses, 

The second great category of geslogio processes comprehonds 
the erosion and deposition inaugurated by the tmrtial doformation 
of the terrestrinl surface. By these proiesses continents and 
momitaine ary degraded, and adjacent oceans and lakes lined with 
thor debris, They have been in active operation since the dawn 
of gevlogic time, and the prowesses individually and combined 
ever tend to restere the geoid by obliterating the relief produced 
by deformation, The general process, which comprises. degrir- 
dation and depoantice, Tiny bee called gpraneleeticey. 

‘The first. subordinate category of movements is allied to the 
first principal eategory, and comprises, (1) the ontilows of lavas, 
the formation of dvkes, the extravasation of mineral subetinces 
in solution, ¢te., (2) the consequent particle and mass movements 
within the erust of the earth, and (9) the infiltration of minerals 
in solution, sublimation, ete..—in short, the modification of the 
earth's exterior directly and indirectly through particle movements 
induced by the condition ef the interior, ‘Those processes have 
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heen in operation throughout geologic time, though they perhaps 
represent a diminishing series ; they have added materially to the 
superticial crust of the earth ; and it is fair to suppose that they 
have modified the geoid not only by additions to the surface bout 
by corresponding displacements i in their vicinity, ‘The category 
may be tentatively (but rather improperly) called riveoninn, and 
the antagonistic classes of movements constituting it are eetre- 
ciation ond its antithesis, The vibratory movements of «dis 
miam probably reanlt from both deformation and vuleanism under 
oortain conditions, 

The second subordinate catewory of processes is closely linked 
with all of the others. It comprises the various chemic and 
chemico-mechanieal alterations in constitution and structure of 
the materials of the carth’s crust. The processes have affected 
the rogks ever ince the solidification of the planet, though prob- 
ably in a progressively diminishing degree; and they have mn- 
terially (but indirectly rather than directly) modified the internal 
constitution and external configuration of the earth The pro- 
cesses muy be collectively called offeration;: and the antagonistic 
classes into which the category is divisthle are Ntiifvetion and 
ieiccnyHaition In them vari phases, or reck-formetion and 
rinkateatrvetion, 

The third subordinate category of provesses, viz: glaciation, 
is related to the second principal category ; but since (1) it is 
probable if net actually demonstrable that under certain cireum- 
stances glaciul prinding tends to accentuate pregsisting: irregu- 
larities of surface, and since (2) it is well known that elacial de- 
porition sometimes gives great irregularity of surface, it is evi- 
dent that glaciotion is not o simple proovas of gradation, but 
mit be clearly distinguished therefrom. A considerable portion 
of the earth's surface has: heen modified by glaciation during 
later gedlogic times, The general process comprises yiaeial ean- 
atreotion and glock destruction. 

There igo fourth subordinate category of processes, which 14 
also allied to gradation, viz: wined-etion, which may be made to 
include the action of waves and wind-hern ectrrents ; but since 
the winds ¢eoop ont basins and heap up dunes, while the waves 
excavate submerred purgateries and teiild bars, it ix evident that 
thia oategory, too, must be aet apart, ‘The processes are only 
locally important as modifiers of the land surface of the globe. 
They comprise constructive action and destructive action. 
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There is 4 final category which isin part alhed to alteration 
butuis in part wiique, yin: the chemic, mechanienl, and dynamic 
action of orguniv life. Ever sinee the terrestrial ernst become so 
stable as to retain a definite record of the stages of world. 
wrowth, life hos existed wd by its traces hos furnished the ac 
cepted geologic chronology: wt first the organisms were sunple 
and lowly, ard affected the rocks chemically through their pro- 
cesses of growth ant decay, as do the lower plants and animale 
of the present ; later, certain organisms contributed largely of 
their own bodily substance te the growing strata > ane still lntor, 
thie lhigrhest otraicmems, With man at thecr head, have lew al yr 
netion. interferm] directly with eradation, alteration, ‘and winel- 
action, and thus, perhaps, indirectly with the more deep-seated 
processes of world yrowth. ‘The vital forees are too yoried im 
operition to be conveniently wroupunl mod tienen, 

These categories comprise the various processes contemplated 
by the geologist, and collectively atford on adequate basis for a 
frenetic classification of yeolowie sewnee. Their relations pre 
shown in the accompanying table ; 
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=F [1.—Defor- LAntecedont< Rpeirogenio; | Elevation, 
i mation. ‘Consequint>Oragunic. § + Depression, 
= E | ¢.—Gradation, ..0<2---.-0.-0-.--e- 4 Deposition. 
a { Degruiation. 
a [4-—Vuleaniam. ...- | Extravasation. 
= | ((Antithesis of Extrayv.) 
fo | 2.— Alteration......_.. § Lithifaectiant. 
3 1 Decomposition. 
~ | ti Glariation,__.____ | Glacial construction, 
3 } Olacial destraction. 
5 4.—Wind oction. _.... aia Wind construction, 
3 | Wind destruction. 
= | 5.—Vital ection. _....... { Various sonatrcubies and 
| destrickir : 


On applying this classification to geographic formes, the various 
phenomena immediately fall into the same arrangement, The 
continents, great islands, mountain systems, and non-voleanic 
ranges and peaks generally, the oceans, seas, and some bays, culfs 
and lakes, evidently represent the diastatic category of move- 
ments. These greater geographic features have long been named 
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and classified empirically, and can he referred to their proper 
places ina genetic taxonomy without change in terminology. The 
volcanoes, ordters, calderas, lava fields, tuff fields, tufa crags, 
mesas, Voleanio necks, dykes, eto., however modified by degrada- 
tion, alteration, glaciation, or wind action, exhibit characteristic 
forme which have often received ames indicative of their origin, 
The glacial drift with its various types of surface, the moraines, 
dromling, kames, roches de moutonntes, rock basins, kettles: lacus- 
tral plains, aqueo-glacial terraces, loces hills and plains, ete, have 
been studied in their tmorphologic as well os their structural 
aspects, and the elements of the conficuration commonly nssumed 
have been deseribed, portrayed, and appropristely named; and 
they take a natural. place in the classification of products by the 
processes giving rise to them, The dunes, dust drifts, sand 
ridyes, ote., and the wind-seooped basins with which they are 
aociated, are local and limited, but are fairly well known and 
fall at once into the gevotic classification of forms and structures, 
But allof these geographic forme are madified, oven oblitorated, 
by the ever prevailing process of gradation, which hus given ari- 
gin to nearly allof the minor and many of the major geographic 
forme of the earth The forme resulting from this second erent 
Mitegory cf Geohigie procewies lave generally engaged the atten 
tion of systematic students, but their prevaletece, variety and 
complexity of relation are such that even yet they stand in great 
ost need of clasattivation. 

Lesley thirty vears ago. regarded the monntain n« the funda- 
mental topographic clement; Richthofin recorniaus the upland 
and the plain (*aufragendes: Land ond Flichtiilen™) as the 
primary classes of configuration comprehending all minor oloments 
of topography; Dann ETC pas Lopogra pli forms ax (1) lowlands, 
(2) plateats and eclovated table lands, and (3) mountains } and 
these related allocations are satiefuctory for the purposes for 
which they are employed. Bat the implied clissifieation in all 
these eases is morplitlowic rather than genetic, and ix hased upon 
superficial and ever varying if not fortuitous characters ; and if 
It wore extended to the endless yariety of forms exhibited in the 
topography of different regions it would only lead to the iis- 
orimination of a He oer multitude of worelated hopHagraphic 
elements, 

Tn an exceedingly simple clasaifiention of geographic pheérmn- 
ens, the primary grouping is into,forms af constrnetion and. firms 
af destruction; but it is evident on inspection of the table intro 
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dueed above that such a classification is objectionable unless the 
greater geographic elementé due to diastatic movements (in which 
the eonatructive setion Is veritable but different in kind from 
those in the other categories) be excluded, and this is impractica- 
Ile without limiting the classification to subordinate phenomena, 
Moreover it is illogical and useless to unite the constructive phe 
nomena of the remaining eaterories, since (1) the procestes exem- 
plify widely diverse laws, which must find expression in any 
detailed classification whether wenetic or not, and since (2) the 
differences between the forms united are much greater than the 
differences hetween the forms separnted in such a classification — 
e.g, the differences between a dune, a drumlin and a mesa (all 
constructive forms) wre far greater than the differences between 
o fresh lava sheet and a deeply out mezs, between a drumlin and 
the smallest drift remnant, or between a dune and ao Trisssic 
mound of ciroumdenudation; and this is truce whether the distine- 
tion be made on analogic, hamolowic, ot genetic grounds, Indeed 
it seems evident that while discrimination of constructive and 
destrictive forms is necessary and useful im each penetic cate- 
gory, the use af this distinction as a primary bwsis of tlassiti- 
tation is inexpasdient, 

The classification of topographic forms proposed a few years 
ago by Davis, who regards “special peculiarities of original 
structure asa primary, and “degree of development by erosion” 
aseconlary basis, and Richthofen'’s arrangement of categories 
of surface forms as (1) tectonic mountains, (2) mountains of 
abrasion, (:) eruptive mountains, (4) mountains of deposition, (5) 
plaing, and (6) mountains of erosion," in addition to depressions of 
the land (Die Hoblformen dee Festlandes), are more saccept- 
able, since they are based in part on conditions of genesis, But 
it is clearly recognized by modern students of dynamic geol- 
ogy that waterways are the most persistent features of the 
terrestrial durfnce; and the most widely applicable systems of 
elassifiention of the surface configuration of the eurth thus for 
propeged have been based substantially on the agencies of grada- 
tion. Thus Powell, Law] and Richthofen classify valleys by the 
conditions of their genesis; Gilbert classities drainage ; and 
Phillipson, unduly magnifies the stability and renetic impurt- 
moce of the water parting, classifies the hadrography through 

* (1) Tektonlche Gebirge, (2) Rumpfgebirge oder Abrmsionagebirge, 
() Ansbrucharehirge, (4) Aufschittungegehirge, (5) Flachbiden, wud 
(6) Erosimnagels rie. 
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the divides ; and, although these geologists have not dwelt upon 
and perhaps have failed to percerve the relation, the same elassi- 
fication is as applicable to every featuré of the local relief o to 
the streams by which the relief was developed. 

To a general classification of the topographic forms developed 
through gradation, it would be necessary to include the forms 
resulting from deposition ns well a. degradation, and also to dis- 
cuss the relation of basé-lovel plains to antecedent and consequent 
relief: but ina brief résumad it will suffice to consider only the. 
modifications produced by degradation upen a surface of doposi- 
tion after its emergence from beneath water level asa regular or 
irregular terrane ; and the influence of bhase-level upon the topo- 
graphic forms developed upon such a surface may be neglected im 
a qualitative discussion, though it ie quite essential in quantitative 
investigation, 

The hydrography developed qpon terranes affected by displace- 
ment beth before aud after emergence hos tilheady been datis- 
factorily classified. Powell, years ago, denominated valleys estah- 
lished previous te displacement of the terrane by faulting or folti- 
ing, witeddtent valleys; valloys having directions depending on 
ditplacement, consequent valleys; and valleys originally estale 
lished upon superior and subsequently transferred to inferior ter- 
ranes, evpertimposed valleys; and theee yullevs were sepmraterd 
inte orders determined by relation to strike sited again inte yarie- 
ties determined by relation to subordinate attitude of the terranes 
traversed. Gilbert adoptad the «ume geceral classification, and 
so extended as to inclide certain special genetic conditions. 
Tietze, in the course of his investigation of the Sefidrud (or 
Kizil Uren) ond other rivers in the Alburs mountains of Persia, 
independently ascertained the characteristics of the class of water- 
ways comprohenied by Powell under the term antecedent ; 
Medlioott: and filanford observed that many of the Himalayan 
rivers are of like gwenesis; and Ritimeyer, Pesebel and others 
have recognized the same genetic class of waterways; bat none of 
these formign geologists have discusweal their taxonomic relations, 
Lowi, who wyatt a pricré eronials denies thie possibility of ante- 
cedeut drainage, has recently developmd an elaborate taxonmmy of 
valleys whiell he gronps ms (ir) teetontia valleys, wind (4) valleys wif 
erosion (Keosonsthiler), The first of these categories 16 separited 
into two olasses, vie: valloys of flexure ond valleys of fracture, and 
these in turn into several sub-clasaes determined hy character of 


the displacement ind its relations-to structure : and the second, 
di 
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whose gonesis is attributed to retrogressive (riickwiirts fort- 
achreitende ” or ““rickechreitende ”) erosion, is vaguely separa- 
ted into several ilalefined classes and sub-classes determined by 
structure, climate, and various other conditions. The seeond of 
Liwl's categories is also recognized by Phillipwon, Stull more 
recently, Richthofen, neglecting antecedent drainage, designated 
the superimposed clase of Powell epigenetic, ond formulated a 
classification of the remaining types of continental depressions 
(Dio Hohlformen des Festlandes) as (co) orographic dopressiuns 
(Landsenken) ; (4) tectonic valleys, and (c) eoulptured valleys; and 
the last two categories are separated into clusses and subclasses, 
corresponding fairly with those of Lowl, determined by their 
relations ia stracture aid by various genetic cote 

These several classifications have mock commen: their 
differences are largely dow to the diversity of fie regions in whieh 
the investigation#of their respective authors liave been prosecuted: 
but combined they probably comprehend all the topographic 
types which it is necessary: to discriminate. 

The American classification and nomenclature, particularly, is 
nnobjectionable as applied to montante livdrography: but it does 
not apply to the perhaps equally extensive drainage systems and 
rie resulting Lopographic configuration lev ebogeed On OTheNgent 
terranes either (i) without localised displacement or (#) with loral- 
inet! displacement of less value ti determining hydrography than 
the concomitant erosion, terracing and reef building : neither 

does itapply to the minor hydregraphy in those regions in which 
the main hydrography Ls either nittecdent of consequent > nor 
dove it apply even to the orivinal eondition of the stp peel 
or antecedent dramape of montamous regis, 

Upon terranes emerging without displacement and upon equal 
surfaces not yet invaded by wallevs, the streams depend for their 
origin on the convergenes of the waters falling upon the uneroded 
surface and affected by its minor inequalities, and for their diree- 
tion wpan the tnelination of that surface. They are developed 
proximally (or seaward) by stmple extension Of their cries. by 
continued elevation, amd distally by the recession of the old and 
the birth of new ravines ; and since m the simple ease it follows 
from the law of probabilities that the receding ravine will retain 
approximately the old direction and that the now ravines will de- 
part therefrom at high angles, the drainage svetems thus inde 
pendently developed heeome mtricately but systematically rami- 
fied and more or less dendritio in form, Lowl, Phillipson, Richt- 
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hofen, and othercontinental, as well as different British and Indian 
geologists, and Lesley in this country, indeed recognize this type 
of drainage, but they do not correlate it with the montanin types; 
and Low's designation, derived from the mannér in which he eon- 
ecives it to be generated (“riteksehreitends Erosion"), does not 
apply to either the completed drainage or the coincident topog- 
rapihy. 

Although its subordinate phases are not yee discriminated on a 
genetic basis, this type or order of drainage is sufficiently distinet 
and impertant te be regarded as coirdinate with the type repre- 
tented by the entire group of categories recognized by Powell 
and clearly defined by Gilbert. Such hydrography (whieh either 
in ite natural condition or superimposed characterizes inany plains, 
some plateaus, and the sides of Inve valleys of whatever genesis) 
nay be termed cutogenowe > while the drainage systems imposed 
by conditions resulting from displacement (which vharactyrize 
ndst MOUNTAINOUS regions) may ‘be termed fentonie, Gilbert's 
clagstication of drainage may then be so extended as to include 
topography as well as hydrography, and so amplified as to include 
the additional typ, 

Drainage systems and the resulting systems uf topography (all 
af which belong to the degradational class of forms) are accord- 
inely,— 


Type 1, Autocinons. 
Type 2, Tectonic— 
Onder A, Coneasqedent, tpn 
Class a, Displacement before emergence, and 
Class hi, Sudden dicnlacement after Cer ence; 
Order B, Antecedent ; and | 
Order ©, Superimposed, through 
Class, Sedimentation (when the superimposed droin- 
tee my be nutogenens), 
Class >, Alluviation or subserial deposition, ond 
Classe, Planation tin whith two cases the superin- 
posed droinuge mov simulate the nutogenona 
bv pet), 


In brief, thy entire domain of geologic science is traversed and 
defined by s genetic classification of the phenomena with which 
the geologist hus to deal; and the same olassifioation is equally 
applicable to geographic forms, as the accompanying table illus- 
trates ; 
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Representatine Geogriipiie Forma as classified by Genesia. 
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THE GREAT STORM OF MARCH 1ti-14, 1888, 


A SUMMANY OF THE REMAHES MADE BY BRWADIER-LiENERAL A. W, 
GREELY, CHIEF Storal Orrncer oF THE ABMY. 


Tits storm is by no means aa violent as others which have 
eecurred in the eastern part of the United States, It is noted, 
however, as being one in which an unwanal amount of snow fell, 
which, drifted by the high winds cansed by the advance of an 
antiryelonie area in rear of the storm depression, did an enormous 
amount of damage te the railways in Massachusetts, southern 
New York, and New Jersey. 

The storm centre wos first noticed in the North Pacitic on 
March 6th ; whener tt passed southeast from the Oregon coast to 
northern Texas by the §th. The centre instead of maintaining 
the nanal elliptical form, gradually shaped itself into an extended 
trough of low pressure, which covered the Mississippi and Olio 
villeve during the 10th. On the morning of March 11th the bar- 
ameter trough extended from Lake Superior southward to the 
eastern part of the Gulf of Mexico; in the northern section over 
Lake Superior, ond the southern part, over Georgia, distinet 
eontres, with independent wind cireulation, had fornied_ 

The northern storm centre moved northeastward and disap 
peared, while the southern centre moved slowly eastward, passing 
off the Atlantic coast near Cape Hatteras, The pressure on the 
afternoon of Mareh U1th was-about 29,07 at the centre of both 
the northern and southern storms, but during the night of the 
Li-14th the pressure deecressed in the southern storm centre, and 
the area inestuad of continuing ite easterly direction moved almost 
directly to the perth, and on the morning of Mareh (2th was 
central off the New Jersey const, 

The causes which onderhe the decrease of pressure and conse- 
“quent inerase in the violence of storms aro, aa yet, undetermined. 
The theory of “surges,” that is, atmospheric waves Independent of 
the irregular variations consequent on storms, has been urged by 
ame, an capecially by Abercromby, as the canse of the deepen- 
ing of depressions in some cases or of increasing the pressure in 
other cases, It is possible that under this theory a “ sarge,” pass- 
ing aver the United States to the enatward, as ite trough became 
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coincident with the centre of low pressure increased ite intensity 
or decrented its pressure, and the consequent increnee in baro- 
metric gradients addel to the violence of the winds. It should 
be pointed out, however, that the very heavy rainfalls from Phil 
udelphia southward to Wilmington during the 1ith, and even the 
heavier anes over the lower valley of the Hudson and in Connes- 
tieut during the lath, miv have exercised in potent influenoy tn 
depressing the barometer at the centre of this storm. Llowever 
this may be, it in certain that the storm remained nearly station- 
ary, With steadily decreasing pressure until midnight of Mareh 
rah, at which time it was central between Block Island and 
Wood's Holl, with an unusually low harometer of 24.92 at each 
station. During this day the winds were unusually high along 
the Atlantic const from Eastport to Norfolk: the TAL Lm 
Velocitivs atthe various stations runing from 46 mili at New 
York City and New Haven to 60 miles at Atlantic City and Tu 
miles per howr at Mock Island. ‘These winds, though high, are 
net unprecedented, and if they had heen accompanied only by 
precipitation in the form of rin, the damage on land would have 
been incemiderable, hut, anfortunately for the commercial inter- 
estx of New York and other neighboring great cities, the passage 
ef the low area to the eastward was followed by a cold wave of 
conetilerible severity ated of unusual continuance, 

The northern storm centre, whieh had passed eastward on the 
Lith, had had the csual effect of drawing tn a large quantity of 
cold air from Britich America ; a cold wave following the wake 
of this storm, os is usual during the winter season. This oso 
effect was intensitied by the wivanoe af m second, aml more vid- 
lent, cyclonic contre northward; the effect of which was to aug- 
ment the cold wave already in progress by drawing in a stil] 
larger amount of colds to re-enforce it 

As has been alrewly alluded to, the quantity of snowfall was 
unmisiaiy great. The easterly and northeasterly winds had drawn 
a laree amount of uquequs vapor from the Atlantic over New 
England in advance of the low area. The sodden change of tem- 
perature precipitated by far the ereater portion of the aqueons 
vapour in the air, with the result of an almost unprecedented fall 
of snow over western Massachusetts, Conmectiout, and the valley 
of the Hudson. 

Professor Winslow Upton, Secretary of the New: England 
Meteoralogien! Society, bas gothered estimates of snow from 420 


The Great Sterm of Weavek £2), 1888, <M) 


different observers, which go te show that 40 inches or more of 
snow fell over the greater part of the districts -maned, 

The deepining of the area of low pressure and the augmenta- 
tion of the eold high aren wilvaneinwe from British Amerioa 
resulted in banwnetnie eradient= of untisdol intensity: there he 
ing prudent in oxess of OG when gradients of. fh rarely 
oocur either in the Unitwd States or Great Britain. The bigh 
winds cunsed by these miusoul gradients had the uffeet of dvift- 
me the snow to an unusual extent so that, o# ix well known, 
hearly every railroad in New Jerey, Connectiont, New York, 
anal Massachusetts was snow-boond + the earliest amd most rie 
longed effects being expericneed in Comuectient, which douhtless 
reveived the full bene of the hiner sow fall in the TMudsaon 
River valley in widition to that in the western partaf thar State, 

It is thought by some that the stern recurved atid peso 
northwest inte Conneticut; an opinion io whieh] eanuot eoneur. 
The tuternational map and reperts tend te shew that this storm 
pasted nertheastwinl wold wos on the Banks of Nowfoundland on 
the 17th of March, ‘The pecntiar shape of the isobars, while the 
storm vould be cloariy defined from observations at hand, was 
stth that it 1 not coreasonable to believe that the change of wind 
to the south at Block Ishined was die simply to an off-shoot of the 
storm froin the main centre, da like muimer at the storm ttielf 
wae the outgrowth of a prev cour depresiion. . 

The track of this storm neriss the sea is loft to Professor Hay- 
(lon. Thest remarks ore necessarily impurfeel, as my official 
duties have been such as to prevent any wirefol study or examinn- 
tion of the storm apart from that possible on the current weather 
mape of the Signal Serview. 
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THE GREAT STORM OFF THE ATLANTIC COAST OF 
THE UNITED STATES, MARCH tlru-l4ra, 1888, 


By Evreerr Haves, 
To chirye of the-divinion of Marine Meteorology, Hydrographic Ofer, Navy Dept. 


INTHULOCTION, 


‘Tux history of «a wrest ocean storm cannet be written with 
any completeness until a long interval of time has elapaed, when 
the meteorological obeervations taken on bold hundrils of 
veseels of every nationality, scattered over the broad expanie of 
ovenn, and bound, many of them, for far distant ports, can bie 
gathered together, compured, nud, where observations seem ibe 
cordant, rigidly unalyzed and the best data selected. If is-only 
when based upon such a foundation that the story can fully 
deserve the title of history, and not romance, fact and tot ypu 
thesis. At best, there must be wile ares where tit alsin of 
veasels will forever leaves some blank pages in this history, while 
dleewhere, along the great highways of ocean traffic, the data are 
abeslutely complete, Last Augnet a tropical hurricane of ter- 
rife violence Awept in toward our coast from boetwoen Tirrmuda 
and the Bakhomas, curved to the northward off Hatteras, and 
coutinued its destructive course pet the Grand Tanks toward 
notthern Europe; hundreds of reports from masters of vessels 
énabled us accurately to plot ite track, a great paraboli¢ carve 
tangent to St. Thomas, Hatteras, Cupe Race, and the northern 
const, of Norway. Six months later a report forwarded ley the 
British Meteorogical Office, from a vesel homeward hound: fron 
the Equator, indicated that it originated far to the eastward, off 
the court of Africa, and only the other day the log of a ship 
whieh arrived a, New York, March 40th, from Claleuttl, puiyrga Lineal 
data by means of which the storm track can be traced still moire 
aceuratoly, westward of the Cape Verde islands Not only rhat, 
but this sore vesdel on the tithof March was:nbout 600 miles 
to the eastward of BHermoda, and, while the great storm wae 
raging between Hatteras and Sandy Hook, wos traversing a 
region te the northeastward of Berwinda from whieh qur records 
are as yet very incomplete, It will thus be clearly Utidurntood 
that while the most eaticst efforte have been made, not only te 
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collect and utilize all available infonnation, but te be careful and 
cantious in generalizing from the data ot hand, yet this staily 
inet be considered os only preliminary to an exhaustive treatise 
hosed on more complete data tlian it ie now possthly to obtan, 

Four charts lave been prepared to lustrate the meteornbagt 
cal conditions within the aren from 25° to 40" north latitude, 
n0° to Sa" weet longitude, at 7 acon, Tith meridian time, March 
Linh, t2th, 1th and tath respectively, Dita for lanl stations 
have been taken from the daily weather mape publistied by the 
U.S. Signal Service, and the set of tridaily maps covering the 
period of the great storm has been invalnahle for refirence 
throughout this discussion. Mariny data are from reports of 
nairine meteorology tinde to this offieu by masters of vessels, ri 
not only from vessels within the area charted, but from inary 
others just bevoml its limits: The refined ind accurate obsorva- 
tions tuken with «tundard instruments at the sme memens of 
aiwolute time all over the United Staves hy the ekilled observers 
of the Sional Service, together with those contributed to the 
Hydrographic Office by the voluntary co-operation of mastore of 
yessels of every nationality, and faken with imatruments eionm- 
pared with standards at the Branch Hyikrograplic Offices immel- 
idtely upon arrival in port, make it safe ty say that never have 
the date been so complete and reliable for such a «iseusslon at 
stich an early date. 

It will not be out of place brietly to refer to bertain principles 
of meteorology that are essential to a clear niderstaniling of 
what follows The general atmospheric movement in these late 
tudes is fram west to-east, and by far the greater proportion of 
all the areas of low barometer, or centers of more or less per- 
feetly developed wind systems, that traverse the United States, 
move nlong paths which ornss the Great Lakes, and thence reach 
eut over the Gulf af St Lawrence scross the Atlantic toward 
lecland and northern Europe. Another very characteristic storm 
path may aleo be referred to in this connection, the wurved track 
along whieh West Indian hurricanes travel up the coast, “Tho 
atmospheric movement in the tropics is, generally speaking, west- 
ward, but a hurricane starting on a westward track poon curves off 
to the northwest and north, and then wetting inte the general enst- 
ward trend of the temporate zone, falls inte line and moves off to 
the northeast, circling about the western limits of the area of 
high baremeter which eo persistently overhangs the Azcres and a 
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great wllipticnl area to the southwestward, The cirenlution of 
the wind about these areas of low barometer, and the oorrespond- 
mg changes of temperature, are indicated graphically on the 
map: the obars,.ar lines of equal barometric pressure, are, a 4 
rile, somewhat cireniar in form, and the winds hlow shout and 
away from an area of “high” in a direction with the faneda ay’ o 
metch (in nautical parlance, “with the sun), toward and about 
“ow " with an opposite rotary motion, or against the lands of a 
wateh: in front of a “low” there will therefore he, in extra tropi- 
en latitudes, warn southeasterly winds, aml behind it eold worth. 
weaterly winds, the resulting changes of temperature being shown 
by the isotherms, or lines of equal temperature, Moreover, in a 
evelonie svstem of this kind the westerly winds are gotrally for 
stronger than the easterly winds, the motion of the whole svstem 
from west to east increasing the apparent force of the former 
unl decressing that of the latter, Upon reaching the coast, such 
areas of low barometer, ar storm systems, almost invariably 
develop a great increase of energy, largely due to the moisture 
In the atooaphere overhanging the aves, which, when the air 
it chilled by contact with the eold dry air rushing in, from the 
“high,” js precipitated and becomes vinihle in the form of clonds, 
with rain or snow, The latent heat liberated by the condensa- 
tien of this aqueous vapor plays i mest important part in the 
cantinnance of the storm's energy and, indeed, in its increas of 
energy: the warm light air flowing m towards the central ares 
of the storm rises:rapidiy inte regions where the pressure in less, 
that is; where the thickness and conseyaently the weight of the 
saperincumbent atmosphere is less: it therefore rapidly expands, 
ind such expansion would result in a mach more rapid cooling, 
and a corresponding decrease in ite tendency to rise still higher, 
were it not for the latent heat liberated by the condensation of 
the moisture whieh it containa, Thus the forces that are con- 
spiring to inereie the enerey of the storm ore powerfully 
assisted by the preswnce and condensation of aqueous vapor, and 
the increasing updraught and rarefaction are at dnee marked by 
the decreasing barometri¢ pressure at the center. For example, 
& atom was central over the Great Lakes on Jan, 25th, with 
lowest barometer 20,7; the following day it was central off Nan- 
tucket, barometer 28.2; and on. the 47th and @+th, over the Gulf 
of St. Lawrenee, with barometer below 26.6, But «ach instances 
ate so common a8 to make it the rule, and not the exception, 
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As stated shove, the isobars abont an area of low harcmeter aro 
somewhat ctreular in form; more strictly speaking, they are 
somewhat oval or elliptical in shape, and the more elongated the 
north and south axis of this cHipse, the greater the resulting 
changes of temperature, because, os it moves slong its broad 
path toward the Atlantic, the indranght, or suction, felt in front 
far down toward the tropics, and mn rear fur to the northward, 
beyond the territorial limits of the United States. 

Similarly with regard to the general movement of areas of 
high barometer, certain laws of motion have been clearly estal- 
lished by means of studies of the daily international charts; 
instead of a motion toward ¢ast-nurthesst, these areas wher 
north of the 40th parallel, have in general a motion towards 
east-soitheaat, and asa cule move more rapidly and with greater 
momentim than “lows,” so that they may be said to have the 
night of way, when the tracks of two such systems converge or 
Intersect. Thess laws, or at lenst thot relating to the Great 
Lake storm track, 2s it may be called, soon become evident to 
anvone who watehes the weather map from day to dey, apon 
which are charted the «ystems of low and high barometer as they 
fallow one another across the continent, bringing each its charae- 
teristie weather, 


MARR LTH, TA. AL 

The first of the accompanying weather charts indimites graphi- 
cally the meteorglogieal conditions over the wide oren charted, 
comprising about 3,000 000 squirm miles, of which one-third is 
land and two-thirds water. Over the land there isa long line, or 
trough, of Jow barometer, extending from the west coast of 
Florida ap past the eastern shore of Lake Huron, and far north- 
ward toward thy southern limis: of Hudson Bay, In front of 
this advaneing line the prevailing winds are southeasterly, anid 
the wurm moist air drawn up from southern latitudes spreads o 
warm wave along the const, with generally cloudy weather and 
heavy rains, especially south of Hatteras; the Signal Service 
Ohwrver at Pensacola, far example, reports the heavy rain-fall of 
4.05 inches on the bith, About midway of this trough of low 
barometer there is o lonw narrow region of light variable winds ; 
of rapid changes in meteorologies] comlithons ; coh, shifts of 
wind, totervals of clearing weather: then overcast agem, with 
cooler and fresh northwesterly winds, increasing to agale. The 
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front line of this advancing battalion of cold northwesterly winds 
i¢ more than o thousand miles in length, and covers the whole 
breadth of the Tnited States; its right flank is on the Gulf, ite 
left: rests on the Great Lakes, or even farther north > the tempera- 
ture falla rapidly at ite approwch, with frovt far eouth into Louis 
jana and Mississippi, and heary snow in central Kentucky and 
eaeturn Tennesse, The long swaying line is advancing toward 
the coust at the rate of about 600 miles o day, followed hy a 
ridge of high harometer reaching from Texas to Dukots and 
Manitoba. At pointe slong the trough the barometer ranges 
from 2.70, 2 hundred miles north of Toronto, to 20/80 at Pitts 
burg, 2.88 at Augusta, and 20.04 an Cedar Keys, Along the 
ridge the barometer ia very high; 90.7 to the sorthward about 
Lake Winnipeg, 40.6 in Wyoming, 407 in Indian Territory, and 
10.8 south of the Rio Grande. Tho difference of pressure from 
trough to ridge i¢ this measured Wy about an inch of mercury in 
the barometer, Moreover, the chart shows that there is snother 
ridge of high barometer in advance, eurving down off the coast 
from northern Newfoundland, where the pressure ix 40.6, toward 
Sante Domingo, where the pressure is 30.3, and passing midway 
between Hatteras and Bermuda. Farther to the enstward the 
conuintric isobars show the girexonce of a storm which originated 
about Bertnuda on the th, and is moving off toward Europe 
where, in o few days, it may cunee northwesterly gales with snow 
to the northward of its track, and southeasterly gales with rain 
to the southward, Storm reports from varivus vessels show that 
this aterm wae of hurricane violence, with heavy Hiytitle ond bigeh 
seus, but it need not be referred ta in this connection further 
than to say that it sent hack a long rolling swell fromm northinat, 
felt all along the Alantié sea-board the morning of the 11th, and 
quite distinct from that causcd by the freshening galo from the 
sn thins. 


MaTEonoLogical, Cosprmicss Grr rim Coast, 


While this trough of low barometer, with all it attendant 
phenoment, is advancing rapaelly eastward toward the Atlantic, 
and the cold wave in its train is spreadmg over towns, counties 
aud stater—crossing the Great Lakes, moving ap the Ohio valley, 
and extending far south over the Gulf of Mexivo—we may pause 
fora moment to consider a factor which i¢ to play o most im- 
portant part in the warfare of the elements 40 eoon tO rage with 
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destructive violence between Hatteras and Block Island, and 
finally to disturb the weather of the entire North Atlantic north 
of the 20th parallel 

The great warm ocean current called the Gulf Stream has, to 
mort peoply, a mor or ltes vague, mythical existence, “The words 
sound familiar, but the thing itaelf is only an abstract idea; it 
lucks reality, for want of any personal oxperience ot knowledge of 
ite characteristic effeots. To the navigator of the North Atlantic 
it isa reality ; it has a conerote, definite existenve ; it ia an ele 
ment which enters.inte the calculations of his everyday life— 
sometimes us a friend, to help him on his corsa, sometimes o4 an 
enemy, lo endanger, harass,and delay, [riefiy, the warm waters 
of the tropies are carried slowly and steadily westward by the 
broad equatorial drift-corrent, and haintked tp in the Caribbean 
Sea and Golf of Moxino, there to constitute the head or source af 
the Gulf Stream, by whivh the wrenter portion is drained off 
through the «tenita of Florida in # comparatively narrow and 
swiftly moving stream, This great movement fora cn umamasinarly, 
subject, however, to certain variations which the changing ecnsons 
bring-with them, As the sun advances northward in the spring, 
the southeast trades creep ip toward and across the equatar, the 
vilume of that portion of the equatorial eurrent whi te divertund 
to the northward of Cape San Roque is gradually increased, and 
this jierense je woon felt far to the westward, in the Vuentan ond 
Florida straits. Figures fail utterly to vive even in Approximate 
ides of the amount of heat thus conveved from the tropice to the 
north temperate cone by the ceaselese pulsations of this mighty 
engine of oecanic cironlation, To put it in some tangible shape 
for the mind to grasp, however, suppose we considor the amoant 
of energy, in the form of heat, that would be liberated werd this 
wreat volume of water reduced in temperature to the freezing 
point. Suppose, again, that we convert the nimber of hest-units 
thus obtained inte unite of work, sa many foot-pannmds, and thence 
ascertain the corresponding horee-power, in arder to compare it 
with something with which we are familiar, Considering only 
the portion of the Gulf Stream that flows between Cape Florida 
aid the Great Bahama bunk, we fin] from the latest and most 
reliable data, collected by the U.S. Coast and Geodetic Survey, 
that the wrea of cross section is 10,07 square miles (geographic or 
cen miles, of 6,056 feet each) ; mean velocity, at this time of the 
year, 1.206 miles per bour; mean temperature, 71°F, These 
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lieres for mean velocity and temperature from surface to bottom 
are, it will be noticed, for below thase for the surface current 
Hane, where the veliity is.often a great as five knots an hour, 
and thie Het peratinte as highas 80°. The indicatetl horse-power of 
a oreat ocean «tesamship—" La Bourgogne,” “ Werra,” “Umbria” 
and “City of New York,” for example—is from 9,000 to 10,000 ; 
that of some modern vessels of war is aml) wreater; the “ Vulean,” 
now building for thy Brith Government, is 20,0), and the 
“Sardeirna.” for the Italian Governinent, 2.800. Again, if we 
convert inte its equivalent horsepower the potential energy of 
the 270,000 oubie foot of water per second that rush down the 
rapids of Ningura aod moke their headlong plunge of 140 fret 
aver the American and Horse ehoe falls, We gat the vnorm cus 
auth of S474. The Gulf Stream, however, is every hour 
cornying north through the straits of Florida fourteen and three- 
tothe cubie miles of water (more than three thousand times the 
the volume of Niagara), equivalont, considering the amount of 
heat it contains from 71° to G2° BL, to three teiffiun opel wiaty 
thee biffiok lorse-power, or more than five hundred thousand 
trmes a6 much as all of these combined : indeed, considering only 
the amount of heat from 7)* to 50°, it is still two hundred and 
anventy-five thoweand Limes a6 orrestt. 

Sweeping northward toward Hatteras with ite widening torrent, 
its volume still further increased by now supplies drawn in from 
the Bahamas god the northern coast of Cuba, its color a liqaid 
ultramariog like the dark blue of the Mediterranean, or of some 
deep mountain lake, it then spreids northoastward toward the 
(rand banks of Newfoutdland, and with decreasing velocity and 
lower temperature geradaally merges into the general easterly 
drift that sets toward the shores of Europe about the 40th parallel 

The cold tnahott current must aléo be considered, lweause it is 
Lo pret contrasts of temperature that the violence of storms is 
very largely due, East of Newfoundland the Labrador corrent 
flows southward, and dourisag the spring und summer months 
carries gigantic icebergs and masses of field-ice into the tracks of 
transatlantic #teamahipe. Upon meting the Gulf Stream, a 
portion of this cold current underruny it, and continues on its 
course at the bottom of the sea; snother portion ia deflected to 
the southwest, and flows, counter to the Gulf Stream, along the 
coast as far south as Hatteras. 

The broad features of these great oovan currenta have thus 


The Great Storm of March 11-14, i888, 47 


been brieiy outlined, and, although they are subject to consider- 
able variation as to temperature, veloctty, and limita, in response 
to the varying forces that set upon them, this. coneral view must 
suffice for the present purpose, 

Now to consider for a moment some of thie phenomena rosiult- 
ing from the presence ond. relative positions of these ocean er 
route, s far as sneh phoncmenda bear apen the great storm now 
onder consideration, With the Pilot Chart of the North Atlantic 
Ocean for March there was issned o Soppleument desoriptive of 
waterspouts Of the Atlantic ¢oast of the nited States during 
January and February. Additional trterest and importance have 
been given to the facts, there grouped together and published, by 
their evident bearing upon the conditions that gave rise to the 
tremendous increase of violence attendant np Ave the upproach af 
this trough of low barometer tawarl the coast, In ito were given 
deseriptions, in greater or les detail, of as many as forty water- 
spouts reported by masters of vessels during these two months, 
at varions potions off the const, from the northern coast of Cuba 
to the Grand banks; and sinee that Sapplement.was published 
many other sumilar reports have been received, Moreover, it was 
poirted ont that the conditions that wave rite to such remarkahle 
and dangerous phenomenn ary due to the intersection hetwoun the 
wart most air overhanging the Galf stream and the ould (bey air 
brought over it by northwesterly winds from the ooae:, amd from 
over the cold inshore current, and the greater the differences of 
temperature andl moisture, the greater the reaultmg energy of 
action. Heports were also quoted showing that the Gill Stream 
wos heginining to re-assert, tteelf after a period of comparative 
qniescende during the winter months, and with inerensing strength 
anid volume woe approaching tts northort limits, asthe san moved 
north in dwclination. 

Such, then, were the meteorological conditions of the eaazst, 
?wwntting the attack of the wivance pruuad of this long line of eold 
northwesterly gules—eondinions wtll farther intensttied lay the 
freshening: cule that sprung. up from the southeust at teapproach, 
drawing re-enforcements of warm, moist ocean air from far down 
within the tropies. The energy develapax] when storm systema 
of only ordinary character and sewerity reach the Atlantic on 
their eastward march toward northern Europe is well-known, and 
need not he referred to further: let us now return to the eoneid- 
eration of this atorm which ta advancing toward the const at the 
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rate of about 600 miles a day, in the form of a great arched squall 
whose front is more than a thousand miles in length, and which 
is followed, far down the line, by northwesterly gales and tem- 
peratures below the freesing: poitit. 


Tun Nur or tue 1ita-lins 


Sunday afternoon, at 4 o'clock, the line of the storm center, of 
trough, extended in a eurved line, convex to the cast, Trom Luke 
Ontario down through New York State and Pennsylvanin, along 
about the middle of Chesapeake Hay to Norfolk, across North 
Carolina to Point Lookowt, and thence down through eastern 
Florida to Key West. Northessterly, easterly, and southeasterly 
gales were therefore felt all alone the coast from the Gulf of St, 
Lawrence to the Florida Keys, except im the bight between Laok- 
cut and Cataveral, where the barometer had already reached and 
paseed ite lowest. point and the wind was torthweat, with mnel 
douler weather, Referenes to the Barometer Diagram shows 
pretty clearly that the teaigh passed Norfolk # short time before 
it reached Hatterus, where the lowest reading was undoubtedly 
lawer, the evoning of the Lith, than it was at Norfolk. 

By 10 FP. M. the line has advanced as far east os othe 74h 
mioridian. Telegraphic reports are soon all in from signal atations: 
along thy const. “The barometer is rising at Aatteras and Nor- 
folk and still falling at Atlontic City, New York, and Block 
Island, but there is litth-or no indication of the fury of the storm 
off shore along the Tath meridian, from the a0th to the #th 
parallel, where the cold northwesterly gale is «weeping over the 
reat warn ocean current, canrym air al a temperature below the 
froczing point over water above 74" Pahrenhelt, and where the 
barometer is falling more and more rapidly, the wale becoming a 
stonm, and the sterm a hurricane. Nor are there any melientions 
that the ardi of high barometer about Newfoundland i alow nage 
down, blocking the advance of the rapidly inereasing storm, ani 
about to hold the center of the line in cheok to the westward of 
Nantucket for days, which seem like weeks, while a terrific nerth- 
west cule plays havoe along the coust from Mentunk Pount to 
Flatteras, and until the right flank of the line has swung around 
to the eastward far enough to ent off the supply of warm moist 
air pouring in from the southewt, Long before midniurht the 
welcome “good night mezsage hes flashed along the wires to all 
the signal stations from the Atlantic to the Pacific slope, whilst 
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at seo, abound scores of vessels, from the little fehing-schooner 
and pilot-boat to the great transatlantic liner, a life-or-death 
atrigele with the elements is being waped, with heroisin none the 
loss real liweauee it ie in eolfslefenee, and none the leas aslosienlile 
ene it oninet always avert isneter, 

The accompanying Trawk Chart gives the tricks of as many 
vesaele pe con be shown withowt oonfosion, am] illustrates very 
Clearly whore dita for this dissussion ate most Gomplete, a well 
of where additional mformativn is specially needed, Thus it ix 
here plainky evident thatversels are always tos} numerous to the 
wi of New York (along the erumeanthantic rante), und to the 
southward, of the moast, To the southesstwanl, however, about, 
the Bermudas, thery is a lance area from which comparatively 
few reports have been reenrved, altietih additional «data will 
doubtless be obtained from oatward-bownd sailing vessels, pon 
their return, Of all the dav= in the week, Saturday, in particular, 
is the day on which the oreatest number of vessels sail from New 
York. The loth of March, for instance, a8 many a oLorlt Erik tin- 
ationutic linerk pot under way. Ont in) mid-ooerat there were 
plowme them way toward oof coast, to cHoounter the storm weat 
of the 50th meridian, one steamship bownd for Halifax, five. for 
Boaton, nineteen for New York, one for Philadelphia, one for 
Baltimere, wd two for Siew Urleans, Northward boone, off the 
ooast, Were 4X More, Hot to mention bere the many «ailing yessels 
engaged j in the comating or foreign trude, whose aiils whiten the 
witers af air eousts. 

Of all the steamships that sailed from New York on the loth, 
these bowni south, with hardly « single exeeption, encountered 
the storm in all ite fury, off the coast, Fastward-bound vessels 
eacapod ite greatest vidletiee, although all met with strong head 
winds and heavy stas,and, had the storm oot delayed botwoun 
Block Island and Nantucket on the Toth awd lath, would have 
been overtaken by it off the Grand banks. Without quoting 
in detail the reports received, lot us see what they mdicate 
regarding the goneral chiracter of the aterm cherie the nigelit, 
preparatory te our ¢onsideration of the weather chart for 7 A. AE 
March tath., To do so, be it remembered, is a very different tusk 
from that which isinvelwed in the study and comparison of ob- 
servations taken with standard instruments at fixed stations 
osbhore, Here onr stations are constantly changing their pimi- 
tions: different observers read the instruments at different hours; 
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the instruments thenmaelyes vary vreatly tn quality, and while 
some of them mov hove been compared with standards very 
nvently, there are others whose ¢rrot are only supiperox tirade y 
known, Moreover, when a vessel is pitehing and rolling im a 
storm at sea. mn tmminent dangernf fimendering, it 18, of course, 
impossible to set the vermicr of the barometer scale and read off 
the height of the mercury with very great precision, [1 will 
thus be readily understood that the many hundreds of obterva- 
tions carefully taken and recdrdiad for the Hydrographic Office 
by masters if wereld are mecessurily more or les diseordant, 
althenrh the results obtained! reat on the averages of se mils. 
repert® that the probable error is always rere cmoll An exh 
tive atuily af Pipes Pruitt tose le tb Vik iailis posit bons alenar tlie: 
const, from the Straits of Flarvla to Sandy Took, together with 
the recarods of the cial atitions of the DT, S, Sivnal Service, aneli- 
cates n continuous eastward movement of the trough of low bar- 
ometwr dating the night, aecompantied by a raped cleepening of 
the depression. All along the coast we have the same sequence 
of phenomenn, in greater of less intensity, aceurding te the lnti- 
tude of the vessel, asove noticed here in Washington, that Sun 
day afternoon, when the warm southeasterly wind, with rain, 
died ont, and after a short pause a cok northwesterly gale swept 
throuh the tity, paling up the snow in heave ilrifte, with trains 
belated or blackuded, and telegraphic coumnunicntion cut aif 
almest entirely with the outer world. Tt was a wild, stormy 
night ashore, but it wis tenfoll moreso off the const, whore tho 
Hilts at Flatteras, Currituck, Asuntenzue, Barnegat, and Sandy 
Hook turk the outline of one af the moet dangerous coasts the 
navirator hes to guard against, “To bring the <oene vividly 
before the mind would require far more time than To have at my 
Ainpopal, nud I can only regret that 1 eaniet quote a few reports 
to give some idea of the viglenee of thy storm, 

By means of 4 careful eompariaon of maine reports, it is evident 
that althowrh the general trough-like form of the storm rematmed, 
yet another secondary storia center, and ond ol very groat energy, 
formed Off shore, north of Natteras, as: soon is the line had 
paseed the coast, It wis this center, fully equal to a tropical hur 
rtune in vighene!, and rendered still more dangerous by freexing 
weather and blinding snow, which raged with such fury off Sandy 
Hookand Block [sland for two days,—lays likely to be long mem- 
orable along the const, Ita long continuance was probably die to 
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the retardation of the center of the line, in its eastward motion, 
hy the area of high barometer about Newfoundland ; thus this 
storm center delayed between Block Island and Nantucket while 
the northern and southern flanks of the line swung neoimd to the 
castward, thi advance of the lower one gradunlhy cutting off the 
supply of warm moist alr rushing ap from lower latitudes inte 
contact With the coli northwesterly gale sweeping down from off 
the coast between Hatteras and Montank point, So far as the 
qownn ts concerned, the Leth of March saw the yreat storm at ite 
maximum, and ite wide extent and terrific violenew make it one of 
the moat severe ever experienced off our coast, 

The ditpeniog af the depression is well Hnatrated by the fact 
that the liweet reading of the larcineter at 74. Ma. wae 20, Ae, at 
Augustin, (an.; atch, 20.68, ot Wilmington, NX, CL; a0 17 vw, 
on board the “Andes,” 205; atl at 7 aoa, the follwing morn. 
lig bt wasis low aa 280. —rn avernioe rate of decrease of pressure 
at the centoc of very nearly 225 in cit hours, aod & maxtoum, 
from rehabie olwervations, of ait, 
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‘The Weather Chart for 7 a M., March 12th, shows the line, or 
trough, with isobar elosely croweed together southward of Block 
Island, but still of a general ellipttesl shape, the lower portion of 
the lime swinging: euetward toward Bermuda, and carrying with 
it vielome squalls of coin and hail far below. the 45th. parallel. 
The bigh lol of Cobo andl Sunte Dominge prevented its effects 
from reaching the Carihbhian Sen, althongh it was distmetly 
notided by a Vee! south of Capa: Mavsi, in the Windward chan- 
nel, where there wore three hours of very heavy rain, aid a shift 
of wind to NW ohy SN. Phe tothermof g2° PF. reaches from Cen- 
tral Georgia to the coast below Norfolk, and thence ont over the 
Atlantic ton point about one bandred miles south of Mock Islamd, 
aid themes due north, inelior of Cape Coc, explaiting the Pact 
thet +0 littl: snow, comparatively, fell in Rhode [slated snd sowth- 
eastern Massachusetts ; from about Capa Ann it rus ¢astwand to 
Cape Sable, and farther east it is carried southward again by the 
northeasterly winds off the Grand hanks, These northensterly 
winds are part of the cyclonic system shown to the eastward of 
this and the preewling chart; farther south they become north- 
eriy anid northwesterly, wind it will be noni tliat they have now 
carried the totherm of 70° below the limits of the chart, Thus 
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this chart shows vyory clearly the positions of warm and cold 
waves relative to auch ovelomc svatems: firat there is this cool 
wave in rear of the eastern evclonic system, then a warm wave in 
front of the system alvaneing froin tlhe const, anil finally a cold 
wave of marked intensity fallowing in its train, 

It Was probably durmg the night of the 12th that the lowest 
harometric pressure and the steepest gradients oeourted. Although 
sevurnl vessele ropart lower readings, yot a carefal consideration 
of all the data ot band indicates that about the lowest relinhle 
fiiding= are thoge taken at 10 ran at Wood's Holl, Masa, (28.92), 
Nantueket (28.4); Provuleoce, BR. 1 (29.08), and Block Island 
(2t.00). ‘The steepest barometic gradients, eo far as indicated hy 
data at hand, are also Choee that oecrred at thie tome, anid are as 
follows, talcing lark Island as the initial jeuint and distiniws in 
niutieal miles: at Sew Londen, 26 miles, the barometer stood 
“o.)), giving a difference of pressure in 14 mile of O00 inch ; 
New Haven, 62 miles, 200, O87; New York, 110 tillers, 20.64, 
O83: Albany, 120 millos, 20.70, 000. At Foal w. the following 
day, very low readings wie alan roported: New Bedford, Masa. 
oni, Block Island, 26.02, nnd Woed's Holl, 28,08, 

‘Whe elvart for Tass, March 15th, shows a marked decree in 
the intensity of the storm, although the area over which aToyrey 
winds are blowing i= stil ononmous, comprising, a8 it does, almost 
the entire region charted. From the Great Lakes and tiertherm 
Vermont te the perthern coast of Cuba the wind i blowing a 
gle from a direction almost invariably north west, whilet weaterly 
wile and hew temperatures have spread over o wide tract of 
oovan south of the ith parallel North of this porallel, the pre 
vailing winds ore vasterly, the isohare oxtending in a gvnetal 
cxsterly oid westerly direction, At the storm conter off Block 
Inlaid the pressure 6 28.00, hop the cTulient) are not so steep as 
on the preceding chart, and the severity of the storm, hoth ashore 
and at sea, hos beewn to diminish, Aboot this center, too, the 
obo ane noticeably cirenlar in form, showing that, although it 
first formed ae an clliptival area, it gradually desnmed the charac. 
ter of a true tevolving storm, remaming almost stat Lome ey letween 
Bleck Island and Nantueket ontil it had actually “blown itself 
gut,” while the creat storm of which it was a consplenous but not 
edewrtial port was continuing its eastward progress, The enor- 
mous infinx of cold air brought down by the long continued 
northwesterly gile is grephically shown on this chart by the 
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larae extent and dewponing intensity of the blue tint, where the 
tomperatures are below the freezing point, From the northwest- 
erm to the southeastern portion of the olart we find o difference 
in temperature of tore than 80" I. (from below -10" to above 
TO); the steepest barometric gradient, is found to the northwest 
of Block Island, where the pressure varie 1.40 inches in 750 
miles (gradient, 06 inch in 1S nation) mile), and 4) inek in 
i46 miles (Block Ishin te Albuns, 8. ¥.; gradient, 079). 

On the chart for 7 acon, March Dith, the depression off Block 
Island has almost filled up, and the stormy winds live died out 
and beodime light ond variable, with occasions! aww squalls, The 
Other storm denter has now regained its oscendency, and is situated 
about two handred miles southenat from Sable Island, with oa 
precare abont Yh. The areal wave of low barometer haa over 
spread the entire western portion of the North Atlantic, with un 
settled aqually weather from Labrador to the Windward Istands, 
The area of high pressore in adyance has moved eastward, to be 
felt over the British lalee from the wth to the Stet of the mon thi, 
followed by a raphl fall of the tarqmeter as this great atmns- 
pherie disturbance moves alone: its cirent tound) the northern 
hin is plier, The ietherm of 92" je still eoath of Hatteras, 
reaching well out wif sliwire, mel thieraist: Horth wird, tangent Lin 
Cape Col, as for is contral Maine, and thenee eastward to St, 
Johas, Newfoundland. Great contrasts of temperature and 
ptessare are stil indigated, but considerably lise marked than on 
the preeeding chart, and the normal oowlitions aro being grulu- 
ally restored. 


COxCLUSION, 


The geoat storm that has thas been briefly described, ae well ax 
can he done from tlhe data now at hand and in the limited time at 
aur chaposal, has tarnished a moat striking and invtractive exam- 
Ple of at somewhat unusinl clase of storie, and this on such i 
grind seale, avd ina part of the world where the data for ite study 
ant so completo, that itomusvt long remain a memermble instance, 
Instead of a miore or less clrenjar area of low barometer at the 
storm center: there le here n erent trough ol “low ™ hetwren two 
ridges of “high,” the whole syster moving rapidly eastward, and 
including “within the are of its majestic aweep,” almost the entire 
width of the temperate sone. The “trough phenemena,” as an 
eminent meteorologiat has called the violent squalls, with slifts 
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ef wind and change of conditions at about the time of lowpst 
barometer, are here ilustrated most impressively, Such changes 
are, of course, to be expected and guarded ayainst in every storm, 
and sailors have lony igd summed them up, to store away in 
momery for proctien! use when occasion demands, in the well- 


koewn hines;— 
* First mise witer law 
Lodlioates ia. Stronger blow.” 


One thing tewhich attention is particulariy called is the faoe 
that storms of only ordinary severity ure likely, upon reaching 
the oonat, to develop greatly moreased energy, As has been 
already pointed out, there can be no donht but that this is espe- 
cally so in @ storm of the kind, where the jeobare are elonyated 
in a north and south direction, The accompanying Barometer 
Dinvram, if stadied: in connection with the Track Chart and the 
Weather Chart for March Ith, Wustrates: very clearly this 
deepening of the depression at the storm center, The formation 
and pwrsistency off Block Islund of a secondary storm center of 
such vnergcy a8 was developed in thie case, however, it would 
seem wholly impossthle to have foretold, and a prediction to Uhat 
tect made tinier similar cirenmetances would probably prove 
wrong in at lenet nine coxes ootof ten, Hot it may be safely 
said that the establishment of telegraphic signal stations at out- 
lying pointe off the coast ix a matter of great importance, not 
only to our extensive shipping interests, bat to the people of all 
ong ereat seabourd cities as well, To othe northward, telegraphic 
reports from auch stations woul] furnish data by whieh to wateh 
the movement of areadof high barometer, upon which that of 
the suecomding “low so largely depénds; and to the southward, 
te give warning of the approach and progress of the terriite har- 
ricanes which, summer after summer, bring devastation and 
destruction along war Gulf and Atlantic coasts, and of which 
this crest ator 16° wT Ep prox irate arp and o timely remin- 
der, In this connection, also, there is another important result 
to be gained: selentific research and practical inventive gentus, 
divancing hand in hand for the benefit of mankind, have dis- 
covered not only the laws governing the formation of the dense 
banks of foo that have made the Grand Banks dreoded by 
navigators but also the means by which certain faota may be 
observed, telegraphed, charted, and studied a thousand miles 
away, and the ocourrence of fog predicted with almost unfailing 
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aecuriey, ever Whilst the verv elements thimaclees are only pre 
panne for ite formation, By means of sngh predictions, thi 
aafery of navigation along the greatest highway of poean trathi: 
in the world would be vaethy increess|,—routes traversed vearly 
at oh ramus! ral wea apne li vessels iitrosted with mote than a 
million homan lives, and property of an agereyate value of Fully 
a ‘billion dollars. Whar is eve ry boy's business is tod often 
nishenly = | yusiness, wind vom sitiehe natin 1s are rep to tidertake 
this work, an international comes: should be formed to de sn, 
with full authority te act and puwer tooenforce its decisions 

Probable nithiog will more forcibly atienet the ottonthon of 
the practices) oaviater thin the new and striking ustrations 
which have been furnished by reports from various niasters of 
vessels, cought in the territic winds and violewt cross seas of this 
great storm, tilative to the uso of oil to prevent heavy broken 
seas from COTIITLEE chy leaguer, Although this property of cal tins 
been ‘known from time immenvorial, it has only ricenthy cone 
inte goneral tise, anil 1 is gee cause for congratulat lon, Cole 
sidering the errust henelite to Ines ensily and ao cheaply cuted, 
that the U. A Hydrowraplic Oflie ia secknowhkdyed to have 
tuken the lewd in the revival of knowledoy rewarding it, ond in 
its practical wee at sen. Tt is difficult to select one from simone 
the many reports at hand, but the following brief oxtract from 
the report made by bont-keeper Robinson, in behalf of the pilots 
of New York pilit-hoat No, 4 (the “Ohprles TL. Marshall"), ean- 
not fail ta be read with interest, The gallant and -snecessful 
atrigile made by the erew of this little vessel for two long days 
and gehts against each terrific odds is one of the moat tloralling 
incidents of the storm, and well iWuetrates: the dangers te which 
these liridy men are constantly expec, 

The “Chorles H, Marshall was off Barnegat the forenoon of 
the 11th, wod,as the weathor booker threatening, two more reefs 
were pat in the swils and she war headed to the northward, in- 
leniling to fin inte port fer shelter, During the afternoon thie 
breeze inervused to 4 strong gale, and sail was reduced still 
further, When about 18 miles SJE. from the lightship, a dens 
foe shut in, and it was decided to remain ovtside and ride out 
the storm. The wind hauled to the eastward toward midnight, 
and at a; a it looked «so threatening in the N:W. that « fourth 
teef was taken in the mainsail and the foresail was treble-reefed, 
In half an hour the wind died ont completely, and the vessel lay 
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in the troughof ow heavy SE sea, that was threatening evory 
moment to oneulf her, Sho was then alwut to miles ESE. from 
Satdy Hook lightship, and in twenty minutes the gale struck 
her with #uch foree from SNOW, that she was thrown on ber 
beam ends: she instantly righted again, however, but in twe 
houre was so oovered with me that she looked [eke a small nee 
bere. By Ss a.u. the wind had meressed to a hurricane, the 
litth: vessel pitohing and tessing ina terrific crase-sea, and onby 
ly the united effurts of the entire erew was it porstble ta 
purtially lower nd lish down the forestil and fore-staysnil No 
ome but tho an howd con realige the danver sheowas in from 
the huge breaking seas that rolled down upon her; the snow aod 
ral vome with such foroe that it whe imposible te look to wind: 
ward, aid the Vessel woe ving browlside to wind and eeu A 
dray was rigwed with a hewvy Jog anchor, and hawser, keep 
her head to soa and break the force of the waves, but i had 
litule effect, and it was evident that something. must be done to 
save the vessel Three m) bugs were made of duck, half filled 
with oakum saturated with off, and hang over the wide forward, 
amidships, and on the weather quicter. It is wilmiteed that this 
is all that saved the bout and the lives of all on board, for the 
ol prevented the sais from: breaking, and they awWept fiat as 
heivy rolling swells, Another drag wae rigger] and Jaonehed, 
although not without great exertion hod Wdanger, and this helped 
u tittle. Leavy iron bolts had te he put in the oil bags te keep 
them im the water, ood there the little vessel lov, Gizhting for 
life awainet the «term, refilling the of bags every linlf hour, ard 
fearing every instant that some passing vessel would run her 
down, asi. was impossible to-see a hundred foot in any lirection. 
The boat looked like o wreck; she wae covered with ice and it 
seemed Tinpossible for her to remain afloat wotil davliglit, The 
oil bags were replenished every haif bower durtng the night, all 
hiisde taking turn about to go on deck anid fill them, eraw ling 

along the deck on hands and knew and secured with a rope in 
maw of being washed overbowrd. Just before midnight o heavy 
seo struck the beat and ‘seit her overon her side; everything 
nevable was thrown te leeward, and the water rushed down the 
forward hatch. Gut again she righted, and the fight went on. 
The morning of the path, it was still blowing with hurricane 
forex, the wind shrieking past in terrifio aquallk It cleared up 
a litth towards evening, and she wore around to head to the 
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northward anil eastward, but not without having her deck swopt 
hv a heavy sen. Tt moderated and cleared op the neat day, and 
after five hours of bard work the versel wos cleared of tee, and 
«ail set for home She had been driven 10 miles before the 
starm, fighting every inch ef the way, ber crew withoutia chance 
to sleep, frost-hetten, clothes drenched and no dry ones to pit om, 
food aml focl eiving ont, but thew brought ber inte port without 
the lost of a spiror a <ail, and she took: lier statign on the bar 
as timo. 

Do the pages of history contain the record of a more gallant 
fight! Nothing conld show: more graphically than tha brief 
report, the vielunoe and long duration of the storm, No wonder 
that this terrific northwest pole drove tho gpeean itself before i, 
a that the Very tides hid not resitme their nartual lieiglits for 
nearly a week at certain ports along the toast, and the Gulf 
Stream iteelf was far south of ite ueual limite The damage add 
destruction wrought ashore are toe fresh ta mind to We referred 
fo here, avd lowes along the coust can only be mentioned! briefly, 
Below Hattern there was litth damage done to shipping, In 
Chesnpooke Hay, ¢ barks, 77 schooners, anil 17 sloaps were blown 
ashore, sunk, or damaged; tn Delaware Bay. 37 vessels; along 
the New Jorey const and in the Horse-shoe at Sandy Hook, 13; 
in New Vork barber and along the Long Tdland const, 20; and 
along the New England coast, 1 ‘The numes of six vessels that, 
were abandoned at sca have been reported, and there are at least 
nine others misting, among then the lanented New York pilit 
beats “ Phantom” and “ Knehantress," and the yacht “Cythera.” 
Several of these dhandoned vessele have taken their polars 
amongst the derelicts whose position and erratic tracks are 
plotiwd each month on the Pilot Churt, that other vessels may be 
warned of the danger of collision; the seh.“ W. Lo White,” for 
itietunee, atarted off to the eastward in the Gulf Stream, anid 
will soon betome a soutee of anxieby to the captame of steam- 
ships alone the transatlantic route, and furnish a brief senxation 
to the passengers when she is sighted. There ts. thus an in- 
tenstly human side to the history of a great ocean storm, and to 
one who reads these brief records of facts and at the same time 
gives some littl play tachis imagination, there is a very pathetic 
side te the picture. In the words of Longfellow,— 
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Teed the patient mother rend, 
With aching leart, af wrecks that font 
Ditalled on those seme reniote, 
Or of some great heroio dered 
On battle fiehia, where thousands bleed 
To bift one here into fanie, 
Anxiotie she bends her graceful hepal 
Above these clironiches of pmin, 
Anil trembles with a aeeret dren 
Lest there, ameng the drowned or slain, 
She Gnd the one belowel tame,” 
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THE SURVEY OF THE COAST. 
By Hemarekt tr. Oonen. 


At the inception of the Coast and Geodetic Survey in the early 
years of the century, #0 litth wae kngwn of the dangers attend- 
Ing navigation dalong our extensive segbenrd, that those who 
enone in cammerciil enterprises were constrained to rely wpon 
local knowledge and the reports of the hardy tavigators who 
might carry their ventures to suceeks, The charts available were 
by no means a sony reltanee, and 1 has since been shown, con- 
tuned many -serions errors, The great headlands and outlying 
shoals that present the greatest obstaclis to the safety of coast- 
wire navigation, had not boon carefully surveyed, and their rela- 
tive potitions to nn another were only approxtmately determined, 

The capacities of the harbors had not been ascertained, many 
were unknown; and even at the great port of New York, the 
Gedney or Main channel, was not developed until after the per- 
manent establishment of the Survey in 1832, and the thorough 
exploration Of the entrance was. undertaken. A list of the sunken 
dangers and now channels that have been diseovered during the 
progress of the work wonld fill pages. Ttas tre soch develop- 
ments were to be oxpected in making a precise survey of the 
comparatively unchorted MELEE | brut they, mvertneless. chearly 
point te the necessity of the work. We may alse assume that 
the men who were controlling the destinies of the republic, real- 
ed that a knowlelge of the const was vssential if they would 
suceeed in building up acommerce, without which it was believed 
the prosperity of the peaple could not be gesared, The deep 
draught vessels of the present day could wot have traded along 
our shores on any mirgin of safety with the little that wae 
known, and itis largely daw to the perfect charting of the eoust, 
that commercial enterprise has found it practicable to build the 
larger vossele of modern type to meet the increasing demands. of 
tral, 

The survey proposed was aleo required in providing for the 
public defence; as.it is /a self-evident proposition, that if we 
would protect a harbor froma hestile fleet, we must know not 

fi 
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(nly the channels by which the fleet might enter, lat their rela- 
tiune to eheh oller and the jerteits of voutagd that -shinld lity 
itilized in abstracting them: and tn omerdern avariare to koow 
these things only approximately will not suffice, for procision os 
practiced now in the art of war, aswell asin the arte of peace. 

The Jack of charts of ont extensive Coast fine, or indeed, of 
any pritieal information that cowhl be wtilive) in a evetematle 
defence aguinxt foreign aggression, was only ane of tlhe many 
perplesitivs that sutroonded our forefathers in huihting thie 
ation. By their valor they had wrested a jewel from the British 
Crown, and had inaugurated a syetem of government by the 
people, which on their sacred hanore they Tuc eworn to defen, 
But tet a generation had posed pway when thoy sow new dan- 
viers, and were foreed te contemplate again taking up arms in 
defener of thotr rights, The land was thers, even far towards 
the-setting sun, pioneers had explored it, and they knew whence 
might come ahostile for, Bot af the waters from far away te 
the enstwart, that fhiwel ou intl they wadhed every shore anid 
filled the urat Bays, oven to the heart of the Kepulilie, thes 
knew tthe, awe that weer that almost imimiwasirable expuitise 
ight come the fleet of detrovers to pemetrate they knew not 
where, aml lofliet Ineileuloble damage months wre the dreary 
tales might be told. Tt must be remembered there were no tele 
Graphene railroads, no steamboats, in these days, and time taken 
by the forelock was time gained. The spend of man could not 
ln overtaken ax we see it towkyw in the wondrons Invertiens of 
the | ast generat wae, Foyeli COMET EY Wis dependent upen i=. 
sel, alone, in time af danger, to ward off the blow or yield te a 
tore powbrftl foe; nasistance cyulel lordly be obtained: in meth 
ind perhaps not then, Tt was cat jHossilile for any min to xtudy 
er to Jearn the points of danger, and prepare a ayetem of defence. 

Presilent Jedferson in his far-secing statesmanship, threatened 
with war, realized the danger, uA survey of the const he belived 
exeential to the nation! defence, and te the prosperity of the 
uation in time of peace. Had his wise counsels prevailed and the 
survey been prosecuted with vigor, instead of being almost imme 
diately suspended for a quarter of a century, there ean be ne 
question but that it would have saved, the people millions of dol- 
lars in expenditares and put other untold millions into their eot- 
ferg, throngh the imprtus it would have given to commerce years 
hefore commerce actuality had a name in touny that are mow 
thriving seaport towtis, | 
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But itis net to be sippowd the commercial impertanee af a 
kiowledee af the eoast and harbors was underrated bocknse the 
Surrey was not prosecuted, The people were poor, the task 
would be expansive atid laborious: The applinnoes for the work 
wert not in the posemion of the Government, and above all, war 
Aine chime sooner Than owas anticipated amd the cnorries of the 
people were taxel to the utinest in combap with thar powerful 
foe; and when pokeo came again, therm was the mevitable com- 
mercial depression that follows a resort to arms, The mon of the 
day fully reatized) how ily they were prepared to invite eom- 
ner te our shores, or incite Gor own pple to me>re extensive 
trade, ‘There wee nothing to adequately represent (those maiz- 
niticent harbors that have since bevdaine fnmous the workl over : 
nor of that long lind of cosst with its treacherous shanks, whereby 
those sevking new ventures might judye of the dangers tu be 
enomuntercd, The absolute ignorance that oxieted wns aptly 
deseribed in the Albany Argus in 1eae>when the propricty of 
reviving the pet of 1807 was onder discussion, as follows : 

“Tt bad boon discovered by an American statesman that parent 
countries always keep the commercial knowledge of their colo: 
nics aa a lenihing-stringg in their own hands, awl that as practical 
naviniters, American seamen knew lo of their own shores thun 
the country anid ite allies from whose subjection we had recently 
delivered qurmelyes by foroe Of arms,  [n large asa |S, ei 
nations, the Duteh, the French, and the Hrigtials, appre whed our 
horlors with lew risk than these bearing our own flag; at the 
same tine that in small and more tinmigewhle Vessels, we hid 
long been known its a tmateh for the strongest. The presiduut, 
Jefferson, saw the defect amd the omnoer in which it must be 
remedied. We were at that time on the brink of war, shout 
whose justice some of our politicians differed in opinion amd it 
wie, of courie, More necessary to pray for a fortunate result than 
to preach the causes which had oreosioned the quarrel, To have 
procured for the nation (even had it been practicuble «a to do) 
the old charts from the Duteh, French, and Eaylish govern- 
tnwtits, Would Linve onky heen to put our koowlelee on a par with 
there, while th execute mere révent and securnte surveys, Wile 
acvanoing the new Country above the old. With the elewr and 
bold perception, which alwave distinguishes mon of genius when 
they are entrastel in times af danger with the destinies of a 
nation, the president recommended a survey of the whole const 
with all the aid of the more recent disvoveries af science,” 
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The proposed survey was strongly advocated by President Jut- 
ferson, and the Seeretary of the Treasury, Mr. Gallatin, and in 
February, 1907, Congress. passed: the first act providing for the 
work. Thirteen separate plans, or schemes, were submitted for 
consideration ; among the tmmber was one by Professor PF. R. 
Hasler, which was finally adopted, ond Professor Pinssler was 
appointed the tirst superintendent, It is not necessary to dwell, 
in detail, upon the varving fortunes of the survey during the 
three-quarters of a century that hive paesed since the original 
act nuthorizing it. ‘The first thirty veare of experiment, before 
it was finally established asca bureau of the Treasury Department, 
dhow only too clearly the ignorines and prejudice against whieh 
the supporters—we may any foundere—of the survey had to con 
tend. But they had only the experience of all men who attempt 
the inaugeration of new things of whieh it cannot be sliown that 
they will return acash profit at the end of «ix months, To the 
opponents of the measure eash could not be seen at all, and the 
profit, whatever it should be, was only on intangible kind of ben- 
wit to be realized in the future by additional seourity to ther 
property and commerce; but, in reality, as bas since been appre- 
claoted, the direet saving of many millions of dollars annually. 

The warof 1812 interrupted Professor Hassler’s labors and it 
was oot until 1807 that he actually commenced work ; but he 
was stopped the next year by w limitation of the law Perini 
the work to be performed by the Military Department. ln 1838 
Congress passed o special ach reviving the Inw of 1807 and Tro. 
fessir Hassler was again appoimted Superintendent. A further 
intermnption ocenrred in 1884 by the transfer of the bureau to 
the Navy Department, hut this was of short duration, me it wis 
re-transferred to the Treasury Department im Lsa6, where it has 
sinéy remained. Professor Hisslor gon tines) “ae Superintendent 
until hisdesth in November, 1843. Howns suceeded by Professor 
A. D. Bache, who was fortinate in assuming the charge onder 
much more favorable anuspiers than had) prevailed under his 
predecessor, 

By the appropriation bill passed in March, }948, the President 
was directed to appoint a Commission to reorganize the Burean 
and prescribe methods for its future condnet, The plan reeqm- 

mended by the Commission wae substantially that which bad 
beth follawed by Professor Hassler, Tt was approved by the 
President a few months Wwefore Professor Bacho nawumed the 
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superintendency and has since heen the law for the execution of 
the work, ‘Ter havi a law aperify Irie in detail thi mocthods that 
shi be employed in prosteyting the eurvevs, that lawl lean 
Hrawn lwo special commission of experts and approved ty the 
Hiministration, relieve the Soperintendent of much of the res 
spout bility that tnd been home by Prefessor Hossler, althoogh 
did not put an end te the earpings of the erities, or their wd- 
vorwy Of the tes expensive * nontionl suryoys” 

The reereanization provided for the employment of civilians 
and oftivers of thy Army and Navy te serve direetly ander in- 
atroctions from the Superintenilent ; thus secures for the service 
thie opportunity to procure the best talent from either civil or 
tuilitary life. "The civil element, it wak asstimedl, would form a 
hody of experts for the prose eatin Of those branches of the 
work net properly fallliye in the direet line ef the military, anil 
experi¢nce hos demonstrated that while the results anticipated 
have been folly poalised, the orenmiation hike out only proved 
effective but conducive ta the advancement of the eurvey lu 
mony ways, “The Civil Warowass # serions interruption, but alot, 
proved the wielom of the chal organiation of the Bureau Chi 
the outbreak of hostilities the military elemunt was necessarily 
withdrawn for duty with the Army ond Navy sand it was net 
until ten Vears after the close of the war that officers of the 
Navy were agaite availible, while officers of the Army, throngh 
the exigencies of dle M ilitary eervier, Lawe net returned at all, 

The Cer SreLnataean ety Wie preserved (hrotgh these fifteen vears by 
the permanent vival ooclens, mel the work suffered no leteriarn 
tion, but stendily advanced, notwithstanding that the larger wum- 
beer of the civiliniis wer constantly wmploved! during the four 
veors of the war with the Armies and Navy, in dilleront (ub ane 
ties on the staffs of commanding officers: and ‘that the urpeut 
necessities af the goverment dovalvinl olditwmal labor, and 
temporarily, anew clase of work upon the office forse in conrpil- 
ing, dranghtiny: ood publishing maps of the interior for the use 
of the Armies in the field: And when fitiilly, our Armies wero 
(ishanded and our fleets reduced toa peace basis, and officers of 
the Navy resumed the exevution of the Lydreeraplin work, it 
wae butte step into the duties of their predeuqenors 5 : they lial, 
too, the additional alvantage of the fiftecn years’ experience of 
the purely civil administration of the Survey, during which time 
the trained surveyors of the land had become equally expert os 
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BUT VEVOrs of the water, and had added not a little to the im- 
provement of Alydregraphic methods, The TMistory of the Sur- 
vey shows a steady advance in methwle of work from ite foun- 
dation to the present day, But so equally has the march of 
Hin prov cme t heen due to the weal and wetiring efforta of the 
civilians stu) offieers of the Army and Navy slike, that any dis- 
tinction world be invicicns, 

The plan of reorganization of 144 provider! for a detailed 
survey of precision. Tt wis to be bneed on an exact triongula- 
tion that would tasure postive results, that the Joontion of a 
danger or the development of a new channel, should be beyond 
doubts and that the survey, when completed, should fit together 
aa one continuous line, in which the distance and direction of any 
ohjent on the map from ‘any nother objet hiialel eg trie, whether 
the objects were in hailing distance of cnve another, or mt the ex- 
tremes of our bemudaries, So well was the scheme coneeryed, a0 
perfect lias it proved in eyrativn, that it te subectantially the 
guide forthe elosing labors of the great work, notwithstanding 
the many improvements that experience has wrought in the 
detuils. 

These engaged upon the Survey have been quick to protit: by 
experienced, aud the master mind of Professor Bache, the serond 
Supermtonmdent, was nor slow to adopt that which promised in- 
creased veanemy, rapidity or improyemunt, He drew from all 
sources, Sotence contributed her quota and the creat inventive 
genius of the American prestng oder played nay equal shure in prodded er 
the final results. 

The researches that were necessary to obtain the information 
required by law “ for completing an accurate chart of ewery yuart 
of the coasts,” have produced results of yreat éoonomie and 
acinhtific value to the whole people, aside from their bearing on 
the interests of Commerce and navigation; and which will con- 
tribute to the welfare of mankind long years after those who 
labored for them have passed away. A brief referenon tou few 
of the many instanges that might be cited to illustrate this per- 
petual influence to benefit our fellow men, may not be without 
imterest to scree at you presen. 

The application of the method of determining latitude by the 
measuremuit of small zenith distances, introduced by Captain 
Andrew Talcott of the Engineer Corps, Ul S. AL, while serving 
as an Assistant on the Survey, developed such radical errors in 
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the star places given in thy cotalogies, that it led to an almost 
immediate call for better places, and arrangements were made 
with the observatories of the country to obtain the necessary ivli 
servations, the Survey to pay for the labor involved, Stimulated 
hy the knowledge that better work was required to meet the new 
demand, observatories deficient in métruments procured new 
ones, and soon furnished more acenrate «tar places. Coutinued 
ohtervathon has added sill further improvement until to-day we 
have catulogues that furnish the highest degree of precision, 
Profestor Chauvenest detines * Taloott’s method” as “one of the 
raat Walualoly Trp rerv arte tits in proctionl astronomy of recent 
vers, surpassing all previons known methods (not exocpting that 
of Bessel by prime vertical transits) beth in simplicity and 
accu, But the mivantages of the method have bern found 
to be of o praction nature also y oe tt om productive: of large 
econpmy in time and labor and has reduced the cost of the Sur- 
vey tun thousanile of dollars, 

The tutrodauction of the Electric Telecraph was utilized hy the 
Survey immediately on the practical accomplishment of the first 
lime built, ga reddy and improved means for determining ongi- 
tide. ITndewd, before Professor Morse hod demonstrated ta the 
werll the teuthfulness of his theories and oxpeniments, the bare 
possibility of ther suecess, and availability in the instant trans: 
mission of time, had been discussed on the Coast Survey, and the 
method to be first employed fully considered, But ms im the 
application of all things under new conditions, «© Aperivnion is the 

tuicher, did improvements were Frequently made, until finally 
the invention and perfection of. thy * ehranouraph " has hreuglit 
the method to o degree of precision that litth: more con he 
looked for, This method of determining longitude, introduced, 
fostered and perfected on the Coast Survey, hae heen more far 
reaching than georraphical bowndames, All civilized netions have 
adopted it as the “American Method,” and by the grester oe: 
curacy and reliability of the resalte the whole world has protited, 
The saving that has aecroed by the more perfect determination 
of longitudes and the consequent ineressed safety to commerce, 
may be comted by millions every vear; wotil one stands aghast 
in «contemplation of the immensity of the sam, and fears to 
reckon it, even approximately, much less to prophecy what it 
may preach itt thie EUURER: The avetuin eg acs a ene sequent 
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degree the spirit of progress: that hos ever been the active prin- 
ciple nal poide in the condnuet of the work, atl advanced ite 
Tiethods te a state of perfection that his called forth the admira- 
tion ef the scientific world, 

The determination of the imegoetie elements has been a aul 
jeot of investigation from the early days of the survew; the 
knowledve sought wars essentaal to the aviwator, onl in recent 
Vere, capotinlly, has proved to be of the erentest practical valow 
on shore. Limited bay small approprintions the research was at 
first slow. But a trast fumd left by Professor Lache, whi 
always evince the warmest Interest in this particular piveetiea- 
tion, added largely to the rapidity with which observations could 
tet obtained, until pow we have magnetic mope of the United 
ar: ites of such reasonable precisrai that they are anthiritative, 
anil are in almost dathy demand. The results are anor far reach- 
Tie thin their mere talalation for the wirrent year, an laws have 
heen determined liv whinh the declination in a lwality oan be 
aveertnined for any ver in the post, . 

There ore bit few plloces where the noedle temitits stutioniry, 
or points in tlie sam dinetion, for any great length of time; it 
vent changes daily and daring the hours of a day: butothe 
sorrgate for avear will rarely exceed three of four mutes of 
are, Tf wo petleer then, upon the ereat usp made of the corpus 
it the settlement at the contine nt, ced the Prove bial negloet ot 
the country surveyor aft thew ds urs te record the local variation, 
or declination, with lis work, we may see alittle of the tiling 
ane practical purposes toowhich the results dre cometantly being 
applied, Property so little thepughial a hundred yeure age that 
s few wetes nore or jess, lot ar aequired, in its transfer defined 
by compass survews, minv suddenly asstime mo wiltin in these daye 
of progress that every square foot i4 worth dollars. Wen a 
dispute irises, dowd are examined, lost ar obliterated marks are 
diligently soieht for, perhaps one i found, sarveyors are em- 
ployed to ran ont the lines but only make the confusion worse, 
lrstemd of a few rods that were tn doabt according to the best 
information, the surveyors line makes it acres, and litigation 
looms np to eat the profits of the pudden rire, ail there seems 
even then ne satisfactory solution of the vexing problem, How 
valuable then must be the fact, that it is posible to compute the 
variation for vears hack, to the time the original survey was 
made, and furnish the deflection thot will re-run the lines so 
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clearly a# to render the deseriptions in the dewd intelligible, 
This is but.a singly inatini of the practical appliestion of the 
knowledge gained : and if its general usefulness may be judged 
by the numerous inquiries made of the Bureau, it is mot unresson- 
able to assume that time will bear ineressing testimeny of the zreat 
coonomic vahre from those whe traverse the lund) os well ns those 
whe mail on the waters, 

The study of the recurrence of the tides along our ¢xtemstve 
Coast lines, and determination of laws that would satisfy the 
great variance: in the different pocials, was a problem of no litthe 
magnitiide Lut the groatust posible dn poertanee to our comineree. 
Much of the traffic along the costs literally moves with the 
Hides, and the voxt of transportation is enhanced or diminishid 
na the tide retards or advances tt Hundreds of dollars of ex- 
pense may beaneurred ono singh careo that must enter on the 
high water, but through inoperivet lernow led gree of the master of 
the ship, is forced after sighting his port, to wait for the next tide, 
irhaps over night, wid ts driven to sea by a siddéen storm and 
the voyage thade several days longer, Such mishaps are not 
infrequent, anil aver at the great port of New York certain 
Cliass of vessels must “wait for the tide.” The investigation of 
this complex enbjeot has resulted in the aequirement of a knowl- 
eige that onables the prallotion of the tine of high aod low 
water, and the heweht of the tidal wave vears in alvanee ; and the 
Tiriner may now carry with him the tables published on the sub- 
ject wherever he gous; and be independant of the dowbtful eom- 
muthications he may otherwise receive from the shore, How many 
lives, bua WbSkTE dollars, luve been saved hry the kereow leckure 
iain ? 

Rat the investigation of the Tidal phenamena is of great pri- 
etitific inportunce also; ated ae perietion) assistance in the great 
problems involved in the preservation and tnproverest of our 
harbors, but in this ounnection it probably falls more properly 
ander the head of that creater study of the currents and thelr 
eects in the erosion, and building of the shores ; the moverut 
of the sandsand formation of shouts aol ehonnelts: perme © Plovst- 
cal Hydrography.” One commerce dypewds largely on thts study 
for its prerpHrt wiit ren, tor without harbors DOD ro Det ose: 
and without harkirs that will aciait. vessels of the largest class it 
must deteriorate, Hf commerey finds increasdl protits in large 
yomwls it demands increased facilities, and. the hare to the har- 
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bors with bot-six or eight foer of water on thom a fow years ago, 
must have ten, perhaps fifteen feet now, or the people must 
suffer their trade to pass to some more fortunate or energetic 
neighbor, This may bea hardship; but the demands of trade 
are inexorable, the profite must be reasonably aeored, and those 
whe would have the trade must comply with the requirements. 
Thos wiesee the striving for harbor improvements ; the weakest 
niuaking the wreitest outery that they shall not be left in the race. 
And) the improvements must come in the end, or at liaat lies iat 
tempted, for it is os mneh a law of commerce not to be hampered 
by small freight, ay it is the Inw of nature that water fows 
down hill. 

The outery for “improvements” fever grows weaker: It ts the 
expression of fp since4nre eonvietion that the life of the nommunity 
and the welfare of the “ back country ” depend upon ite auccess 
for prosperity: it will not admit a rebuff amd knews me auch 
word as failure. Allee witheritics are consnited, a scheme of 
Lnprovenwnt ie peropeed aml Congresd# te naked to verte the 
Tene, HaMil finally the nnprevemernths sre attempted = "Pos be smae- 
eeasful, the plan must conform to Known wenernl Jaws and the 
peeniarities of local conditions, muny of which ore ouly wseer- 
tiinoble be comparison of surveys at different periods, Theories 
ndvaneed ot data collented by onesarvey, may be strengthened, 
or disproved by the fen cacertined in om subsequent survey; 
amd tt i ctl y when the plan prevpesend meets the peneral laws 
and the jocal conditions at the same time, that it holds out 
promise of snceess ‘The study of the questions tmveolved has 
been areatly aided by the work of the (Coast Survey in In preva 
ments already attempted, and will be of preater assistance in the 
future, A positive knowledge of what the local conditions were 
when a harbor wos at its greatest cagicity, of the greatest help 
in indicating the improvement) norossary Lo restore it, after ide- 
teriorntion, OF to matntiin itin the Poll toessure of ite usefilrioe, 
Reliable: charts de this, but they tell only half the story. A 
canee most be found for the effets that have been producad, 
and the remedy suggested must overcome that cause or control 
it, that it may work good instead of evil, In Phywical Hydro 
eraphy we learn the forees that nature has given wh in the tides, 
the currents and the winds, wed divert them from powers of 
destruction, as man in his ignorance may have led them, or in 
their warfare with one another they way have led themselves; 
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and bring their mighty influence te protect, improve or maintain 
that which we originally had. Many harbors have suffered in- 
caloulable injury through the recklessness of these who live upen 
them, anid whose daily bread is dependent upon their preserva- 
tion; until the evil has beeome so great that ommercial cities 
have now “ Harbor Commissions,” whose special funtion is the 
preservation and improvement of the harbors, “The origral sur 
veys mui by Coust Survey are the foundations om which they 
very generally must build, while re-surveys point out to them 
the obvtacles that must be avernome, And thus it will ever be; 
and future generations endeavoring to meat the dumands of oom- 
merce for inerensed facilities, will lave still createreanse for 
thankfulness, that the wise men whe inangurated the work of 
the Coast Survey, determined that it should be oxveuted with 
vvery improvement that seienos could devise; and that the able 
men who eondueted i, did not vield te the elamor for qiick 
returns and cheap results of only momentary value, They will 
realize ty the tienetive they will derive from it, as do those mew 
living who have warched tts progress. and development, that the 
heat is the cheapest as it will be geefml tlirctegrl all) tive, 

Iu 147) Congress anthorized the execttion of a Geodetic tri 
Gnulahion eross the cant te connect the ginct primary 
triangulations along the Atlantic and Pacitic ¢oasts, and pre 
Vide that the trinngulativn showhl determine positions tn those 
States that male requisice provision for topoyraphieal and geoe 
logioal survers of their own termmteries, Each veur sinee thin, a 
finall sum tins been expended on these works with gratifying 
results to the States that have dvalled thomselves of the wasiat- 
anee. Dut it owas not until 1878 that Congress designated the 
Bureau as the * Coast and Geodetio Survey,” the official pith: it 
bousat this time, Many comments: have been passed mpon the 
action of Congress m extemling the field of the survey to the 
interior in the etalilishment of a“ Geoletic Survey,” which has 
been looked upon as 4 purely scientific researeh for which the 
people hac no dinmestiate ode, and could well afford to wait Bat 
if the tree eam by frdired by its fruit, there will he ne lack of 
testimony to the ooonoinie valug of the Gewletic Survey in the 
near future; msde from i selentifie and practionl oadfulriesé in 
perfecting the Sarvey of the Cowsta, Tt wall eventually be the 
basis for a precise survey of the whole country, determining 
boundaries, settling disputes, and furnishing weontrovertilile 
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dita by which later generations can reproduce the marks placed 
by the local surveyors who make use of it, should they become 
obliterated or lost: thereby causing a direct increase im the ae. 
eurity of property boundaries, and dimination m tigation that 
now costs tiillions of dollars sunually. Some of the practien! 
udvintiges to be derived from such oa work; are now being de- 
menstrated in Massachusetts in the * Town beuwlary Survey,” 
ax it is called, in which the corners, or turning points of the 
boundaries are beng determinnd trigonometrically in a sole 
disry work based opon the Geodetic triangulation of the Coast 
Surver. Kach boundary corner in this scheme becomes a fixed 
point, and: the ihrvetion and distance: of niany other corners arc 
at once acenrately ascertaus| in their troe relations to it The 
own beundarnes will in due time be tide the bases of referenee 
for all local surveys and subdivisions of property; so that, eren- 
tually, there will ‘bo developed o cadastral map of worivaled ox- 
collence, to supplement the Topographical map that bas just bean 
con pleted. 

The imperfoctions of our “land surveys,” brillinnt as the 
scheme was conceived to be aft the tune of its mangeration, de- 
monstrite only too clearly the extravagance of primitive methods 
in matters: intended to be endurit, As. tine pdaen and pire 
perty taken up ander the “land survey” becomes more valuable, 
the difienity of accurately identifying boundaries becomes more 
deriva, until finally, it isonly after long Utigation that right 
are determined. The inherent defert in the land survey to ace 
complish the purpowe for which it was designed, [ies in the faet, 
that while it parcels out the lind, or o section of land, mm a viven 
nomber of lots it fails to provide the means for identifying the 
boondarws of the lots at any future time; the marks placed for 
this purpose become obliterated or perhaps are moved by design: 
ing men, until a lores anes may he invelvedd in erent unvertuiity. 
A trangulation covering the same ground apd contrilled ly 
Geolene work, determining the trae positions of tha ald marks 
that may be left, woukd be the most economienl and precise 
method of relieving these uncertainties and fixing for all tite 
the location and boundaries of the lots originally parcelled out, 
hy observations and marks that connot be lost or obliterated, 

The svatom of weights and memures in use threughowt the 
country ts largely tue to the patient labor of the Coat Survey, 
Required by law to have standards of longth, the only bureau im 
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the public service that required sueh a tise of precision, it wis 
in the natural order of events that the Superintendent of the Sar- 
awe show aise be charged with the maintenunoe of -standarits of 
Weight and Oapaaty, The duplication of standart: for the mse 
of the poople was beeun woler Mr, Hussler, so longue that the 
eyitem has really grown with the population. Wise legislation 
has foster the sentiment of wuifermity until we are indeed 
bles, that wherever we mar be ty all our bread domain, a 
pond is a pound, a yard is a yard, and a bushel is a bushel. 
Manufacturers receive their standards from the Bureau, and bn 
special enses have their product: tested and certified, Amd indi- 
Vidials ongocged upon work of great refinement, seek the stamp of 
the Boteau, dled, upon the meheares on whieh they tmust rely. 
But eo caretal is the Boresu te preserve the integrity of its cortit- 
cate, that the etamy i refused except on weights or mepeures: of 
approved metal and workmanship, Business men realixe invevery 
day life the benefits that have heen derived from the simple legis 
lation that inaugurated a supervision over the weights and meas- 
ures of the oonntry early in her history, though they may haye 
no concoction af the ert lisa neva they wold lave ben 
sihjected to had the preservation dnd daplivation of standards 
net been provided for, 

The limited titne assigned te me will mor permit a Aetintferd 
stotement of the researches made by the Bureau in all the dif- 
ferent branches of science related to tie practical sonduet of the 
work, much Jess a reference, oven, to the many TT provements 
Instifuted in the practie: of surveying. <As in the case of the 
observatorics called upon te replace their defyctive Instroments: 
with those more refined, to enable them to furnish etur places of 
sufficient precision to meet the improved method of determining 
latitode, so hae the demand ever heen pon the experts employed 
nyan the work in all its branehws The Triangulation, Topeg- 
raphy, Hydrowraphy, Astronomy and Magnetics have all passed 
through several stages of development and improvement in 
methods ard instrimenta, to meet the requirements put forth hy 
these charged with the conduct of the work, that the full meas. 
ore of harmony desired should he secured and that they might 
supply the demands made npon them for information. Impertiot 
results indicate defects to be remotied, and it is to the eredit af 
these who performed the labor, that they overcame one diftionlty 
after another as they were developed, until now the methods and 
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instruments tn the hands of experta, will produce far superior re- 
sulia at a much less ‘test than was possible at the time the Survey 
was inaugurated, 

The charting of the great ocean currents, has long been an 
interesting investigation to hydrographers the world over, A 
aketeh of the efforts, projects, and devices that have been resorted 
to by the Coast Survey in the attompt to unravel the mystertes of 
the Gulf Stream, would exemplify the continuous demand for 
improvement and new exertions under which those employed 
apon the work have always labored, although the full measure of 
knowledge sought has not yet been obtained, But it is not neces- 
sary to enter into these details at this. time; let it suffice that 
many experiments amd failures pointed out the path to be fol- 
lowed by subsequent observers, and stimulated to new efforts, 
wntil at last appliances have been perfected that have already 
produced wonders, and it is safe to predict, will ere many years 
show the ocean currents on the charts of the world with the sume 
relative precision that the ourrents in a river or harbor can now 
be indicated. Lientenant Maury gave us current charts that 
were o marvel in their day, but bis information, or data, was 
defective, and hie conclusions, therefore, only approximate; and. 
how to Improve on the data he had, has ever aince been the muib- 
ject of research, The depth of the ocenn is necessarily an im- 
portant factor in the study of its features, as erroneous depths 
lead to false hypotheses, The introduction by the English of a 
methed of sounding with a wire, bas therefore proved an im- 
portant advance. American officers have perfected the apparatus 
and severely teated the methods, demonstrating the reliability of 
the reaulte and the total unrvliability of the old deep sea sound- 
ings taken with a line. These accurate wire soundings have re- 
vealed new facts, disproved old theories and formed new ones to 
guide future researches, So successful is the improved apparatus 
that specimens of the bottom of the ocean haye born brought up 
from a depth of tive miles. The great value of this system, how- 
ever, ia pot contined to the mere aseertatnment of depths for the 
hydrographer and cartographer, as may be readily demonstrated 
by referring to the reports of the Fish Commissioner, A Turther 
step towards improving on Maury’s resulta; the crowning glory 
that is to shed light on much that has bean dark, and trace out 
those ooean currents we have heretofore vainly endeavored to fol- 
low, is found in the invention snd devices of a. naval oificer 
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attached to the Survey, whereby he can anchor the ship m mid- 
ocean andl obverve the direction and velocity of the currant as 
from a stationary body, and with «a “current meter,” also his own 
invention, determine the sume factors hundreds of fet below the 
surface; thus ascertaining not only the movement at the surtace, 
but the depth of the body of water that moves, and the velocity 
at various depthe, so that finally we lave the volume—a quantity — 
to bé followed until it meets other currents of is absorbed in, the 
vast expanse, Already corrent observation® have: been recanted 
with the ship anchored at the great depth of eighteen hundred 
fathoms; aud arrangements have been perfected that it is: he- 
liewed will prove: «necessfal at the greater depth of three thousand 
fathoms, Jt t impossible with our superficial knowledge of the 
great ocean currents ty estimate the benefits that will be derived 
from their systematic exploration. [t is oot probable that the 
ahvolute deterinination. of their limits would produce such @ revo- 
lution in navigation, os was caused by Maury's wind charts, but 
it is reasonably certain they would prove a Valuable dssistance to 
the navigator, and in the great channels and bays of the world 
increase hie facilities for the suceessfal navigation of his ship, 
Not a little of their value, perhaps the larger part, will be of on 
indirect nature, resulting from their-study by investizstors in the 
nitural sctences interested in. utilizing the bounties of nature for 
benefit of man, 

The Survey was instituted for the determination of faets, and 
the presentation of them in an intelligible form, [t does not pro- 
muleate theories, aid has no use for them beyond the assistance 
they may be in indicating the line of research necessary Lo ascur- 
tain the facts: bot rather leaves to the student the formulation 
of the theories that may be deduced from the facts presented. 
The publications of the Survey are, therefore, calculated to eon- 
tain only useful, practical tnformarion, on the subjects of which 
they treat: Anexamination of them will show this to be the 
cote, and further, that error has more likely been committed by 
avercntion, than a too free use of the material at command, 
Doubtless mach hus been suppressed through lack of means, as if 
has always been the aim of the Superintendents to expend the 
appropriations in producing the most osefol results, whether in 
surveys to be made or fante to be published, It mecessarily 
requires mony years to complete a precise survey Over a lorge 
area; ind in the work of the Coast Survey, with the people in 
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All sections of ont extended toast linn petitioning for siveys ot 
the sine time, the problom was beset with additional difficulties. 
Fortunately Congress preseribed the method on which the work 
Hiould te condnotel and that the method permitted making sar 
voye widely separited with the certainty that they could evento- 
ally be jotned amd form a consistent whole, Soon after the plan 
af reorginization of (243 had been adopted, surveving parties 
wt Oth "iso Atlantic and Grif comets at muy pots; thie primel- 
jail harbors and hegidlanils with outhying showls were first sur- 
veved and it was hot 9 few wears before charts of them were ply 
Tinted, The less important shores between these poluts wore left 
for future work, beat Lived rogerapibiie examiistions or Nautien) sar 
vers, wore made of them, and preliminary charts of long stretches 
af ronet were ened, tobe followed when the quo vs liad been 
completed hy the finished chart of reliable date, So elastic ws 
the svatem adopted for the conduct of the work, that its availo- 
bility was limited only by the annual appropriations, Soon after 
the annexation of Texas sirveying partion were on that canst, and 
ea the Mesey tat sT A Hav of Catiforma a few veare eubayuontly parties 
were soon al work there also ; and after the close of the war and 
porclee of Alaska, the imimitige field thas opened wie Attacked 
with equal promptuess, and a ocreconniliance mode that reanttod 
Ingomap of considerable seourmey, As the proce surveys ward 
extended the chart: and plans published from, the protinitnary 
eurverR were Withdrawn, the mew chart necessarily having later 
dates, 

The original surveys of the Athintiv and Gulf costs are now 
practically completed, bat very litthe more remaining to he done 
matew eompuritively unimportant localities On the Parstic 
const precise auirvey= anpplemented by careful roconnpissance of 
lets important sections, define tearly the whole cutlineg, excepting 
Alaska, hut a greatclealef work is still required te obtain the 
fall measure of information teeessary to nocurntely chart it. 
And in Alaska, Nautical surveys have developed long stretehes of 
the “Tnland passage" and the mest importint anchorages, sup+ 
pleimentine the general revonniissance of the whole cons line, 
Avery large proportion of our shores; however, are subject to 
such radical changes from natural causes, that the sarvey of the 
const can never be broneht te final oompletion, Examinations 
ail reeurvers are as essentiol as was the original work, if the 
material alrowdy aequited is te be maintained in the full measure 
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if ite usefulness, pod rommerc: te to contione to reap the legit 
niate lanetit of the expenditures alremdy ineurred, Fortunately 
the survey hae been condyeted on such sennd principles it meets 
the thoreasing requirements for securacy denmandend! by the novi- 
gation of to-day, as fully is it did the twine simple neods of the 
DV irAtor af forty Years Ayo, : and at is fairly believed, whatever 
may be the necessities of the future, that it will still supply the 
snfornnation desired, 

The Surveys ary published in fowr hondred pnd fifty charts 
designed to meet the various needs of the Nayiguter andl Civil 
Engineer, for either general ar local purposes + over thirty thou- 
sind eopies of thes are isened annually and there is a steadily 
inorensin «denvarit, 

The assistance rendered tu the arniies and fleets of the Union, 
in the Lite Civil War, is a chapter in the history of the Survey 
that should not be forgotten, Tho offtee in Wiaeshingten wis 
heset with demands for mformation from all over the country, 
for deseriptions net of the const alone, but all seetions of thw 
In Ter nian tupresconting the sat of war, Fortunately the experts 
were there whe, under the direction of able chiefs, could collect 
and compile such material as was available, The labor of the 
office in this cause resulted in the publication of asenes of “ War 
Mapes of the interior, for whieh chery is frequent denied even 
at the preaint day. This was all additional work to a force 
aretdy overburdened in the preparation of mantiaerijt maps anil 
special information, compiled from the repurté of the Field pur 
ties « especially OY there Ledealitivs thet lal only reeontly ben 
qurveyed. Aod in all the din and excitement of the eall to arma, 
with hosts of stalwart, honest men assembled arcutid bin, that 
mierlit vive in their learning the wisdem of the world, the con- 
trolling mind of the Survey, that had labored diligently and 
rolight knowledge patiently, was.a chosen counsellor of the Chief 
af the Nation. Declining inthitery hewers, the profession in 
whieh he hol been educated, he devoted kimeelf with renewed 
eneroy to askisting the nation’s efforts in) those wpeoerioil ebuvtiass bie 
knew so well how te perform, A patriot himeelf of the purest 
type, he inspired those mroutel him by his ennubling. epirit anid 
seal in the cause. 

An average af (wenty parties were miuintained with the Army 
wold Navy daring all the vears of the war, rendering services uf 
acknowledged value to the military forces, An officer of the Const 
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survey piloted the fleet inte Port Royal > another led the Dron 
Clade to the attaek on Sumter: a third stationed the floet m the 
bombardment of Jackson aul St. Philip; and a fourth rendered 
dignal servings in the assault on Fort Fisher, They were on the 
Peninstila, guide= in the wilderness on the retreat to. Malvern 
Hill; at Chickainauyn, Knoxville, Missionary Ridge > the maredi 
Lo the Sea and purscit through the Carolinas ; on the Red river ; 
before Petersburgh: in the Sounds of North Carolina: the Sea 
Islands of Georma and Florida and the swamps of Louisiana ; 
and, wherever they went, few in numbers though they were, they 
rain honor for their cause and credit for their Chief, 

The Survey of the Coast has excited the admiration of the 
wholt oiviived world for its thordughness and accursey, and lias 
Hot bien execlled by the most advanced nations, Tt has justly 
been elaimed to be a acdentifie work, os: well oa a practionl cle, 
for scvnee hoe guled those who have condocted it and led them 
through the fields of their labors on the only sure bagis to pro- 
duce knowledge. And the great knowledge that has been ac- 
quired by ite scientific prosecution, t& beyond comparison with 
the litthe thet would have resulted had it been conducted on the 
lene therough methole of Nantical Sorveying that have been so 
varnostly advocated. We cannot compute the value of what has 
been learned in dolhurs and cents; that it has saved to the Nation 
many tines over, all that it has cost, does not admit of a doulet, 
Tis educational inflowice has been widespread, extending beyond 
the sens, and coming back to us with cheering words of enoour- 
irement and praise. Practical men utilizing the résults of the 
great work ii the busiest affairs of life, use no stinted phrases 
in the eneominmes they bestow upon it; Miltary men compelled 
to rely upon itin the perils of warfare, have not found it want- 
ihe, and have given onty praise for the great help it was to them ; 
Seientific men, ever watchful of that which is true, have approved 
it the world over, and cite it as an example of the great prolit 
that may come to a-people, free to utilice Science in the conduct 
of practical work, Our institutions of learning have adopted ita 
publications in tesxt-books, Our merehants venture mHlfions of 
dollars daily on the veracity of its statements, and our mariners 
nek their lives on the trathfolness of the Surveva, It has added 
to the prowperity of the nation in peace—to her glory in war ; 
and when history shall record it awards to our people, there will 
be no page of the galaxy with more honor than that which bears 
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tribute to the genius of American Science, in the work of the 
Coast Survey, From ignorance most profound we have been 
ruised to knowledge almost perfect; and well may the commercial 
communities by their associations and exchanges bear the testi- 
mony to its value that they do, and have done in times past; as 
might the whole people for the wise legislation that established 
the work, that has defended it, and we may hope will perpetuate 
it for its inestimable benefits to them all. 
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THE SURVEY AND MAF OF MASSACHUSETTS, 
By Hes y Gas snr, 


Tur Geological Survey is. engaged in making a map of the 
United States This work win commenced as an cal jitiet toe thie 
uvolomical work, and wite roodered necessary ly the fact that, ex- 
vegit in limited areas, no mapa of the country on any but the 
siillest sonlee were in existence, While these tuapes ore thous 
primarily inde to ald in the yealoygic work and in the delineation 
af geologic results, they are being made of sucht a character aa to 
ineet all requirements which topoeraphic imape on their scales 
should subsorve. 

The work is being carried on in various parts of the country 
and is being proseeuted on on constivrable scale, the annual ontput 
being hetwemn 30,000 and 60,000) sq. mules of surveyed aren, 
Commenced in 1842, the work has been extended over more thum 
200,000 sq. miles at the pret time Of this work the <urvey 
of Mnssachusetts forma w prt. 

[nb stone of its fowtures this survey woe on experiment, Tt wos 
the joint work of the State ond the United States, tind, eo far aa 
L know, wie the first oxinple if such joint work. In the aunimer 
of 1883 the U. Si Geological Survey commenced topographic work 
within thi State, the sealer adopted being very nearly 2 miles to 
anineh. Only a heginning was made daring the season, and in 
the following winter the Governor of the State recommended to 
the legislature that if practicable advantage be taken of the 
opportunity, and an arrineement for choperation be made be- 
tween the State and the Gedlogical Survey, by which a map lpi 
a larger deole ond with a greater degree of detail might be ob 
tained! aes result of thissurvey, Actordingly, after some corres- 
pordence with the Director of the U.S. Geological Survey, the 
legimlature authorized the appointment of a commission, with 
power to make anarringement with the Director of the Geologi- 
eal Survey looking toward thy resultcabove indicated, and appro- 
pristed $40,000, being half the estimate cost of the survey prom 
the larger. wciihis 410,000 of which was to be available the first year 
and $15,000 in each of the two subsequent years, The following 
is the text of the hill, whieh i im many respectsa model legisla- 
tive document : 
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COMMONWEALTH OF MASKACHTEETTS, 
Resolve to Provide for a Topographical Survey and Map of the 
Commonwealth, (Chapter 72, 1884.) 


Resotoed, That the governor, with the adview and eonsent of 
the council, be and is hereby authorized to appoint a Commission 
to conaikt of three citivenk Of the Conimanwealth, ‘pani tian hy 
odnoation dnd axperichee in topographical xeienes, to confer with 
the director or representative of the [United States (reologion) 
Survey, and to aceept ite cooperation with this OCerumonwealth in 
the preparation and completion of a contour topoxraphical survey 
and map of this Commonwealth hereby authorized to be made. 
Said Comission shall surve. without pay, but all their necessary 
expences shall be approved by the gowernar andl council, and pated 
ontof the treasury. "This Comonssion shall have power to arrange 
with the Director or representative of the Tuited States Goulowt- 
val Survey cunoerning this survey and map, tte scale, method, exe 
eution, form aod oll details of the work in behalf of the Commen- 
wealth, and may accept or rejoct the plins of the work presented 
by the Tnited States Geological Survey, Said Commission may 
expend] in the prosecution of this work a atm oyial te that which 
shall tooxpended therein hy the United States freologiral Survey, 
bat not excceding ten thousand! dollars, daring the year embing 
ot the firat dav of Jie, eightien hindred amd eighty-five, and 
nit te execed the sum of fifteen thousand dallurs in-any ane yeur 
thereafter, and the fetal eat to the Commecnowealth of the suryary 
shall not exeemd forty thousand dollars, 


fn purkianee of thik resolution Gav. Robinson appointed the 
following ventlomen as comininioners om the part af the State : 
Gen. Francis A, Walker, Presiient of the Maxsuchosetta Inetitute 
of Technology, Mr, Henry L. Whiting, Astistant DS, Const andl 
Geoletio Survey and Prof. S.8. Shaler of Harvard Culleoce, The 
Direttor of toe Croologioa) Survey, upin heiio motthed of this 
action, laid before the commissioners a prapesition fur a joint 
we in the following terme : 

Itis proposed to make o toposraphic map of the State of 
Sdssanetiteniae the expense of which shall be borne conjointhy by 
the Gonlogieal Survey and the State of Massachusetts, 

¢, The Borden triangulation avd the Cows and Genletic Survey 
triangulation will he utilized) aa far as possible, and additional 
triangulation will be made to each extent ae avin byes HeCESNArY, 
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t. "The topographic werk of thy Coust and Geodetic Survey 
will be utilived us far as it extends. 

4. The «irvev will be exeouted in a manner sufficiently eluho- 
orite to construct a topographic tonp on a senle of 1 + 62,500, 

5. The topographic reliefs will be represented by contour lines 
with vertical intervals varying from ten to fiftw foot, as such inh 
tervals are adapted to Ioeal topography. 

f. As sheets are cuinploted from time te time Copies of the 
came will be transmutted to the comanission. 

7 When the work is completed and engraved for the Geologi- 
eal Survey, the Commission, or other State authorities, may have, 
at the expense of the State, transfers from the copper plates, thus 
eaving the State the cost of final engraving. 

& The survey will he prosecuted at the expense of the Goulopi- 
cal Survey for the months of July, August and September, Dur- 
ing the last half of the month of September the Commission shall 
WNiumine the work executed up to that tine, and of the results, 
methods and rates of expenditure are :satiafactory to the Com- 
mission, the expenses of the work for the month of October shall 
he borne by the State of Massachusetts, for the month of Novem- 
ber by the dreological Survey, and the work thereafter ahall eon- 
tinte to he paid alternately by months, by the Gwolugical Survey, 
Addl the State of Massoelueetts severally. But aa the larger ex- 
jitise ineldent to the beginning of the work Is imposed on the Geo 
liwical Survey, at the clise of the work the State of Massachusetts 
slinll pay soech diliditional amount as oitiy be neressary ty dry tl tee 
the ex permadit ites; provided! that the toual expenditure of the State 
Of Mansieliuetts shall not excwod forty thousand dollars (#40,000); 
aid if the completion of the survew of the State of Massachusetts 
wit ther preparation of the necessary maps on the plan adopted 
by the survey chal exceed in amount wizhty thousand dollars 
(490,000), then each excess shall be wholly pand by the Geologi- 
eal Survey. 

The eonunissioners sugeestid some miner amendments to this 
prenprgett iets, ty tke) tee dane peal, sitie) conselare Closer peroy babes 
work was commenced and carried forward continuously to its 
completion, The field work of the state was finished with tho 
vlose Of the season Tast fall, sod the drawiiy of the tapes te mow 
substantially done. The werk was done in thy field with much 
accuracy and sich degree of detail aso warrent the publicanon 
of tle may ipon a seals of one inch to a mile, or, what is pre 
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tically the same thing, 1:62,500, The relief of the surface is 
Tepresented by the contour lines, or lines of equal elevation above 
gen, traved at vertival intervals of 20 feet. These contour lines, 
which are besoming a common feature of modern maps, add an 
additional element. They expresss quantitatively the third dimen- 
sion of the country, viz: the elevation. An inkpection of much 
a map not only shows the horituntal location of points, but their 
vertionl location ns well. Tt gives the elevations of all parte of 
the country represented, abowe the acn. 

The map represents al) streams of magnitude sufficient to find 
place on the senle, and all bodies of water, as Inkes, swamps, 
marshes, etc, In the matter of culture, in. which detinition is 
inchided all the works of man, it seemed desirable to nepreseret 
otly such aso of a relatively permanent nature, and to exelnde 
temporary works, for the very apparent réason that if temporary 
works were included, the map would be not onby a constant eub- 
ject for rewision, but ever in the interval between the survew and 
the publication, thy culture might thange toa large extent, andl 
the published map Ie correspondingly Incorreet from the outset. 
In searching for a criterion whieh cunld te consistently followed 
in distinguishing between vulture which shonld and should non 
be represented, it was found that by limiting the representation 
to that which may be denominated public culture, that is, that 
which hay relation to communities, aa distinguished from individ: 
nals, a consistent Hine eould be drawn, Adopting this criterion, 
the map contains all towns, cities, villages, post offiees,—in short, 
all settlements of ony magnitide, all railronds and all rows, with 
the wxeeption of such as ore merely private wi, ll public 
canals, tunnels, brulwes, ferrcs iid dams. There were excluded 
nider thie ruling isolated houses, yprivate roads, fences aml the 
yarion® kinds af crops, eft. Forest arcas arm sluiwn, Subse- 
quently, however, in response to the ureent wish of the commis 
sinters, the survey consented ta locate the houses: wpom the mapa, 
atheoweh in the engriving these have been omitted. The omis- 
sion af all private culture Waves the mips very simple und easy 
ty interpret. Por ‘convenienim the tel work wis done iwpam 
Olarger seale than thet upon whieh the mapa were to he pub. 
lishind, vin? oomenle of 1: 80.000, or o lettle more than doyhle the 
publication seale. The map of the state a planned |e com 
prised in 62 ations slwets, cach of which comprises 15 minutes of 
latitude by 16 minutes of longitude and an area of about #26 
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aqnare miles, These sheets upon the seale of poblic¢ation are 
about 174 lneches by 12 in dimensions: In two or three cases 
along thy eduat it seemed to be in the interest of eeonomy tu 
vary from thik arrangement slightly, in order to avoid the multi- 
plication of sheets. Meory of the sheets upon the borders of the 
state project over into other states, and, in cases where the area 
lying without the state was small, the survey was extended 
hevond the limite of the state, in orer ta cmmnplete the alicwts, 
Every map is a aketch, which is corrected by the geometric 
location of 4 Ler HE lean noiober of paints, “Assuming entire 
accuracy th the loration of the points, that is, asumine that the 
errors of location of the points ore not perceptible upon the 
map, the measure of sevnracy of the map consists in the num- 
ber of these moometric locations per unit of surfoee, per aquare inch, 
if vou will, of the map. The greater the number of these locations 
the ereater the aecuraey of the map, but however numerous they 
may be the map itself is asketch, the pointe located being sicaply 
mathematical points. Whatever method bo employed for mak- 
ing thee geometric locations, the sketching is substantially the 
mmeeverywhere “The methods of making these lecations muse 
differ with the character of thy country, as nogards the erent 
and form of its relief, the prevalence of forest» and. other elromm- 
anaes, ‘There are two vengenl wnethods of making the go- 
metric locytions used in serveving: one, by trinnenlation: the 
other bw the miusorament of a single direction ind a distunce, 
which is the method employed in traverse surveying. In prac. 
tins, the two methods are often combined with one another, 
Both methods have been emploved in Massachusetts, The furmda- 
mental basis of the work was the trianculation which had heen 
earrad aver the state bw the U.S, Coast and 'Goodletio Survev. 
By this survey points were located at wide intervals ever the 
ttate, Lesides this there wae exerted letweon Io amd 1R4o, 
ut the wepinse Of the state, a triangulation known as the “Hor 
den Survey.” ‘This loeawed a omueh larger number of points, 
but les precisely, The Cagdst al Geodetle Survey Early witelarn 
took the adjustment of this trinngulation bo nn ayreenert with 
ite own work, and, as miny of the linesowere common to the two 
pitwes of work, the locations oivde by the Borden Survey were 
by this adjustment greatiy strenythened, Even after this work 
was done, however, there remained coneiieruble areas which 
were destitute of loeated points, and it boeame necessary to sup- 
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plement it. This was done in part by the Const and Grodetic 
Survey and in part by the Geological Survey. By these several 
agencies upwarda.of 500 points were made available for the use 
af the topographers, These are in the main well distributed, fur- 
nishing upon dach sheet a sufficiency, while upon many the oum- 
ber is greatly in exeess of the requirements, 

The work of location hos been done in different parts of the 
state by different methods as seemed moat applicable to the dif- 
fering conditions of relief, forest covering and oulture, Through- 
out moat of the western part of the state the work was done 
entirely with the plane table, using the method of intersections as 
the menns of location, Each plane table sheet, eormprised onv- 
half of an atlas sheet, cut along a qarallel of latitude. The plane 
tabler, starting with three or more locations wpom his alwet, fur- 
nished by the triangulation, expanded over the sheet a graphic 
trianwulation, locatiuge thereby a considerable number of potnts, 
before commencing detailed work, This was done sa rapidly na 
poable consistent with a high degree of precision, The reason 
for covering the sheet with the graphic triangulation beforehand 
lay in the necessity for locating a considerable number of points 
before the eheet had opportunity to. become distorted by alter- 
nations of mointure and drying, ‘“Phis done, the plane tabler 
went on with hime weal routine of work, levating minor poitite 
and sketching the topography in contours, The map was as fur 
at pwidatble completes upon.the stations, with the country in view. 
Elevations were determined os the work progressed, with the 
yertical circle of the alhiade, and minor differences of elevation 
lwitween ports whose height was known werd measured by 
aneroid barometer, 

In this work several different forme of plane table bave been 
employed, It was commenced with the large heavy movement 
destened To obelteve by the Coast and trecdetic Survey, This, 
however, was found unnecessarily heavy and cumbersome, and it 
was diseavered that the requisite deeree of stability could be 
obtained with much less weloht, Por this plane table moverniernt, 
there was eion subatitutied another form in sein. the Coget and 
Geodetic Survey, whieh is very much fighter, Thia we aonn 
improved by taking off the slow motion m szimuth, which was 
found to be unneressary, and the addition of more powerful 
dlamps, forthe purposing of rendering it more stable, A: still 
more stable form, however, coupled with even jess weight, wis 

a) 
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designed by Mr, W. 1), Jobnaon, of the 0.5. G. S. and was im- 
mediately adopted. This is substantially a modification of the 
ball and socket movement, It consists of two cups of large sine 
fitting closely to one another and working within one another in 
such a way as to allow of the adjustment in level, and the clamp- 
toy of the level adjustment independently af the arimuth move- 
ment, clamps for both level and aximuath adjustments being under- 
neath the instrument. This form is extremely stable, admits of 
quick adjustment and leveling, und it has bean from the time of 
its invention in general uae in thie state and elsewhere in the 
Survey. 

In the undulating, forest-coyered, region in the southeastern 
part of the state it was found impracticable to wer economically 
the method of intersections, and réisort-was had to the traverse 
meth! forsaking locations, In this method, as is well known, 
one station if located from another by the measirement of a 
distance and direction, the line uf stations being connected at 
vooh end éither upon stations in. the trinngulation or upon other 
lines, while from the stations tn these traverse lines, points off the 
lines are located by intersections, if practicable, or by distance 
and direction mivnsurement, For this kind of work the plane 
table, at least such a plane table as is generally in nse is an ineon- 
yenient instrament, The plane table with the teleseopiec alidade 
ie too cumbersome an instrument te be carried about and set up 
te frequently as is neccesary in thie work. Therefore for this 
purpode theodnlites, fitted with stadia wires and atidia rods, have 
heen need. Distances are measured by the angles subtended hy 
the studia wires upon the tod, whose divisions are of known 
length, whilt the directions are measured by the compase attached 
to the theodolite, and differences of clevation ley «pirit level and 
vertical angles, With this instroment lines were mon slong all 
the ronds ond along the principal atrenms itm tits pert of the state 
and from thes tines the country ving between them was located 
and sketched, 

In the northeastern and inaimuch of the middle portion of the 
date a mined method of work was employed, the plane table 
being weed for earring on the intersection work wherever it 
ewuld be done, while ly traversing the roads, their details, which 
cold pot be obtained by the plane table in this region, were 
reached. These traverses were platted in the «tice and the maps 
drawn from notes and sketches made in the field. 
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The degrer of aecursey of the may depends opon the accuracy 
of the locations, their number and the uniformity of their distri- 
bution. Of their acouracy it is only necessary to state that their 
etrars are not sufhelently large tobe appreciable upon the acale 
of the map, for instunes the stile helng one inel to a mile, au 
error of $0 feet in the location of a point would be wpdn the mp 
but one hundredth of an inech—a barely appreciable quantity, 
and itis of course cosy to make the locations within this limit, 
Of the number of locktions pier unit of mup surface D shall give 
statistice drawn from the full experiences of the Survey in this 
state. The aren worveved by the method of interseetions oxelus- 
iwely comprises 3,500 square miles, or about two-fifths of the 
state, In this aren a,Ee4 stations were CMM MA with the plane 
table, or slightly less than one to a square mile, or, measured upon 
the map, one to a aquare mich, Besides these, 17,840 points were 
located in this ares by jiterseetions, making, with the oeenpied 
Stations, a total al Joo locwtionk within the area, or 0.2 bert 
gontol locations por square ine, Inthe same grea the heights of 
A4,864 points were measured, bemg 1 per square ineh, To aim 
expressing these figures in tertis of inches of the final map, 
because if ts the map with whieh owe are econeerned. 

The aren surveyed liw the traverse method is 2500 sq, niles, 
In this ares 5679 miles of traverse lines were rin, being 2.4 Tear 
inches per square inchoof the map, In ronning theso lines 46,524 
dtationd were mile with the thealolite, being 4.3 per near mile 
af traverse ail 18.0 pur sy. inch of map. "The wuomber of mens- 
irements of height was 92,561, being 47 to the square ineh, 

The area surveyed be the mised method eomprinal 2000 <q, 
tiles, In this $00) stations wore made with the plane table, and 
friwn them 2518 pots were loctited be intersection, makina 
altogether 4018 points located with the plinw table. Tn mldition 
to this, 0707 miles of traverse were run, heme 2.9 linear miles 
per square mile of area. bo thes traverses 41,708 instrumental 
status were mode, or 0.7 per linear mile and too peer say, conte, 
"The sir of the plane tahle stations, loet ones, fl the traverse 
dtations, which takes ap the total af berigontal locations in this 
ari, is be, bechiig a total of 1] paorrebs per sey, neh wf rap. 
The tinmber of measurements of height fu this area is 7,110, 
being 224 per sq. inch, Ttwill be suan that the oumber of sek 
zontol locations and of height measurements in the area traverkel| 
if omuch greater thin in that surverad by the Intersection 
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method, and it might be inferred that the former work i= better 
controlled than the latter, Edo not judge, huwever, that this is 
the case, owing to the faet that traverse stations are not of as 
much value for porpodes of location as those by intersection, 
The latter sre «elected points. The former ure not selected 
pointe, but on the eonutrary, a large proportion of them are 
located simply for carrying forward the line aind are of no further 
servioe, and very few of them are such ax owould be fitted for the 
purpese of controlling areas, 

Within the area surveved by traverse nearly «very mile of rond 
hes been rin, With the excoption of those in the cities, nearly 
every line aril every church in the commonwealth has been 
lovato, vither by intersection with the plane table or hy traverse, 

The organization ef the survesvitige parties dias been af thie simi 
pleit charneter, Plane table work, line been eared on by one 
man with on assistant, tlhe loiter doing littl: more than attend the 
Plane tabler ind assist bin in carrying the instruments. Each of 
these birth: plane table parties was fornished with = horse and 
bugey for transportation, "The organization for traverse work has 
been equally simple, comiating of «traverse man wad a rodman, 
As whore ond buggy would bean impediment in thix work, this 
feature of the outfit has been omitted. In the mined work the 
craverme mien lave beet ander the immediate control of the plane 
taller, eo that thet movements have been directed by him in de 
tail, The average ontpit per working dla of thie plane tialitier limi 
been for the whole survey pol ay. miles, and of the travers: man 
o.8 Fly. tikes, dona, ie thie Ux penises it the formar baa bean sligehthy 
eriéater than those of the latter, the oust beer Say boty re cule «af the twe 
methods of work has been sulstaitially the sane, 

The average cost per sqnare mile of the survey of the State has 
been a trifle less than #13, This Ineludes the waluries of nll men 
engaged apm the werk during. the felt sepson, their traveling, 
fulmintence and all otherexpensen, the salaries of the men ongarnd 
in drawine the image in the office, the enst of Superyieion and of 
Widbursiment—in short all expenies of whatever character, in- 
curred in the production of the rmukp, 
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ABSTRACT: OF MINUTES. 


Piret Requiur Meeting, Feb. 17, 1888.—Tleld in the Law 
Lecture room of Columbian University, the president, Mr. Hub- 
bard, in the chair. 

The president delivered an inaugural address 

Major J, W. Powell lectured on the Physiography of the 
United States. 

Seco Hegular Meeting, Marcel a, 1888,—Held mn the Law 
Lecture roum of the Columbia University, vice-president Bart- 
lett im the chair, 

Piper: Pstigenia, by Mr, W. E. Curtiss. 

Third Regular Meeting, March 17, 1688—Held in the Acem- 
bly Hall af the Coemes Club, the president, Mr, Hubbard, in the 
chair. 

Paper: Physica! Geography of the Sea, by Commander J. RK, 
artlett, 

Fourth Reguler Meeting, March 41, 1888.—Held in the As- 
sembly Hall of the Cosmos Clib, the presidvat, Mir. Hubbard, in 
the hoor. 

Diseission was had on the proposed Physical Atlas of the 
United States, participated in by Mosers. Gannett, Gilbert, 
Ogden, Greely, Marcus Baker, Willis, Bartlett, Merrium, Word, 
Henshaw and Abbe. 

Fifth Reyular Meeting, April 13, 188e,—Held in the Assem- 
bly Hall of the Cosmos Cinb, vice-president Merriam im the 
chair, 

The dieussion of the proposed Physical Atlas of the United 
States was continued, and was participated in by Messrs, Mareur 
Baker, Greely, Willis, Cosmos Mindeleff, Gilbert Thonpaon, 
Rehaston, Gannett anl Van Deman. 
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Paper: The Survey of the Coast, by Mr. Herbort G. Qeden,— 
(Patlisheadt in Mol, 1, Mol, 4 Mutivncal Greoyrophic Magazine,”) 

Soh Aeputier Meeting, Aprif 27, 1888.— Held in the Assem- 
bly Hall of the Costnos Club, the president, Mr Wubbard, in the 
clinir, 

Papers: The Great Sterm of March 11-14, 1888, by Gen, A. 
W. Greely and Mr. Everett, Hayden—{ Published in Vol. 1, Vo, 
1,“ Notional treagraphic Magezing,”) 

Ceogrphic Motheds in Geologie Investigation, hy Prof, W. 
M. Davis. —( Pdtivhed in Fal i, Ve. i Nation Geographic 
Maguzine.”) 

Seventh Regula Meeting, May UO, ikaR—Held in the As- 
sembly Pall of the Cosmos Club, viee-president Merrinmn in the 
ehiusr. 

Papers: The Survey and Map of Massachusetts, by Mr. Henry 
Gannetti.—(Piiliahed in Vol 1, No.l, * National Geographic 
Magazine.”) 

toraphio Tringeulation, by Mr, W. D. Johnsen. 

Kighth Regular Afeeting, May 26, 1848,—Held tm the Assem-. 
bly Hall ef the Cosmos Clih, viewmpresident Merriam in the 
chair. 

Papers: ‘The Classifiestion of Geographic Forma by Genesis, 
le Mr. Wood, MeGee.—(Publivied in Pot 1, We. 1, “ Weetioneel 
freogruphie Maiprzine.”) 

The Classification of Topigraphie Borms, by Mr. G. RK. Gilbert. 

The North Winds of California, by Mor. Gilbert Thompson, 
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CERTIFICATE OF INCORPORATION, 


This ik to Cortify that we whose ones are hervtinto sabworttdl, 
citizens of the United States, and a majority of whom are citizens 
af the Distriet of Columbin, have associated Gurselves Together 
purstint to the provisions of the Rovised Statutes of the United 
States relating to the District of Columbia, and of an act of 
Ceonrress entitled + + Ag Act to amend the Revised Statutes of 
the United States relating te the Distriet of Columbia and for 
other purposes,” approved April 20, 1484, asa Socnecty ail bnwly 
corporate, to hoe ketacew tt bw thir CeO? CRS EEA af the National 
Geographic Society, ail to eontinoge for the term af ane humdzreddt 
HLS, | 

Fhe partiodiar objects awd businus of this Society are: to 
inerense mil li ffuse peowraplie knowlulice 5 bo publish the trans 
actlons of the Seeivty : to publish a periodies) mayueme, anid 
otha works relative te the scietio: of ecomnphy hay (is pose at 
auch publications Dy sale or otherwisa 5 and to acquire ao library, 
under the resteetions amd reculutions te hw established in 1&s 
iy Laws. 

The affairs, funds and property of the corperdtion elall he in 
the general charge of Mantigers, who nutiher for the firat veer 
eliall lie seventeen, Gomsinting of President, five Vire Mresidents, 
i Recording Seerctary, a Corresponding Sevretary, a Treasurer 
aul eight other members, styled Managers, all of whom shall be 
chosen by ballet at the aonnal meeting. The duties of there 
wfiewrs and of other itheers and standing committeos, and therr 
terms and the manner of their elvetion or ayipolntimernt #tall lie 
provided for in the Ty-TLaws: 
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(LHe Teese 


BY-LAWS. 


ARTICLE . 
SASK. 
The nome of Chia Society te the Narioval GEeonkaraic Soci." 


ARTICLE II. 
CORIECT. 
The object of this Society is the increase and diffusion of jeographio 
know leap, 


ARTICLE. II, 
MEMES, 

The members of this Society ahall be persons: who sre interested In 
ceigraphit scheioe. There may be threo classes of members, active, 
COrresponitinge al henorare, 

Active members only ahall be members of the corporntion, shall he 
entitled te vote and may bold ofine. 

Persons reading at a distance from the District of Colimbin may bo- 
come corresponding members of the Society, They may attend its 
mevlings, tike part in ite proceelinge ail contribute to ite publications. 

Peron who hove attained entinener br the prametion of geographic 
eclinds tay become honorary mieinhers, 

Cirtepondling members mur be transforre! to active membership, 
and, conversely, active menihers may be transferred to corresponding 
invinlership by the Board of Managers, 

The election of members alall be wntrusted to the Bitied of Mana- 
cert Nominations for membership shall be signed by three active 
mimnbers of the Sochety ; shall state the qualifications of the cunditate : 
and hall be presented to the Recording Secretary. Neo nomination shall 
rowite action by the Board of Managers wwnotil it has been before ib at 
[east fw wooka, nd no condidnte shall bo elected onless he reovived al 
‘least Tine affirmative wotes, 


ARTIOLE IV, 
OFFICERS. 
The Officers of the Soctety shall be a President, five Vieo Presidents, a 
Treurer, a Recording Secretary and a Corresponding Secretary. 
The above mention! Mfficers. together with oleht other members of 
the Society, lnown pe Mansgers, shall constitute » Bowed of Managers, 


Buytaina. uy 


Officers and Managers dhnll be elected annoallr, by ballot, a majority 
of the votes cast heing necessary to an election; they shall hold office 
until their successors are elected ; ond shall have power to All vaconcies 
OOO Orrin during: the-vear, 

The President, or, in hie absence, one of the Vice Presidents, shall 
preside at the meetings of the Society and of the Board of Managers: 
he aball, together with the Recording Secretary, sign. all written con- 
tracts and obligations of the Boelety; armel attest ite corporate seal; he 
chal deliver an annual address to the Boriety. 

Each Vice President shall represent in the Society and in the Board of 
Managers, o department of geographic sclenes, oa follows : 


Geography of the Land, 
Cheayrraphy of tho Sen, 
Geography of the Air, 
Cieography af Lite, 
Ceographic Art, 


The Vite Presidents shall fester their respective departments within 
thy Society; they shall presentannuilly to the Society summaries of 
the work done throughout the world in their sewer! departuente, 

They shall be vlocted to their respective departments by the Society. 

The View Presidents, together with the two Secretaries, shall oomati- 
tute hoommitter af the Board of Managers on Comumianiratiing suse 
Publientions, — 

The Treseorer shall have charge of the froles.of the Society, shall 
vollect the doe, nid Shall dishapse wider the directian of the Hourd of 
Managers = he etal] make ao annie report; ned bis aecwts shall be 
atidite! annually lv a conunittes of the Sockety ail at such other 
tinge pa the Boar af Managers may direct. 

The Secretaries shall record the proceedings of the Society and of the 
Board of Managers; shall eonduet the correspomilence of the Socdety ; 
mn abil) mace an pel repr. 

The Board of Managers sholl tounsmrt all the bininoss of the Society, 
except arch asco be presented ot the anion mevting, Tb shall formu- 
lute rules for the comdoct of its-tusineds, Nine members of the Board 
of Mamaprers shall tana titate a yueriin 


ARTICLE % 
DUES. 


The wanhoal dues of wetive (nvinbers shall be five dollars, payahle dur. 
ine the month of Janieay, of in the com of new members, within 
turty dove after clection. 

Annunl dues may be commuted aid life nienbership acyuired by the 
parent of titty dolbers: 

No urmecoher in arrears shall vote at the amnwe) musting, aol the 
names of mombers twovenra in urréeare ehall be dropped fron the roll 
of mem bership, 
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Regier meetings of the Sonsatiy' bhall be held on oltermate Fridays, 
from October until May, inclusive, and, exoepting the anna) meeting, 
shall be devoted to communivations, The three regular meetings oat 
preceding the aonual meeting shall bo devoted ty the Presidint'.s annual 
tires and the reporta of the View Presidente, 

The nual tomtioge for the election of offfoors shall be the last rewu- 
lor meeting in December, 

A quenite for the trandaction of business alvall vomalat, of twenty-ilve 
motive: macrribiqers. 

Specin! mosctinge may be called by the President. 


ARTICLE VI. 
Mh DM Pe 
These by-laws tay be amended hy # two-thirds vote of the tiembvrs 
present ot no omgulor onesting, provided that notioe of the juroposed 
ninendiment tas heen given in writing ata regular meeting at lewat four 
weeks previously, 
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